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INTERESTING SPECIES OF VASCULAR 
PLANTS COLLECTED IN WESTERN 
MICHIGAN 


CLAYTON W. BAZUIN 

rilHK following list of vascular plants represents the species and 
A varieties eolleeied in Michigan in the eight years from 1938 
to inclusive. So far as 1 have! been able to learn, the species 

here listed have not previously been reported for the western part of 
the .state 1 . To determine the distribution the herbaria of the Uni¬ 
versity of Michigan, Michigan 81 ate College, Aquinas College, Univer¬ 
sity of Notre Dame, the Chicago Museum of Natural History, and 
the private collection of C. R. llanos, Schoolcraft, Michigan, were 
studied or consulted. All available publications were searched so as 
to bo sure that each species is cither rare or new for western Michigan. 
The numbers after the locality citations are my collection numbers. 
Unless otherwise noted, the records are based upon my own collec¬ 
tions. 

My determinations of species have been checked by the follow¬ 
ing authorities: .1. R. Swollen for Gramineae; P. G. Hermann for 
Carcx anti Juneaeeae; Mrs. B. R. Clarke for aquatics, asters, and 
Soli dago; If. K. Sven,son for Eleocharis. 

Specimens am preserved in my herbarium and in those of the 
following institutions: the. University of Michigan, Ann Arbor, 
Michigan; Michigan State College, Hast Lansing, Michigan; Aqui¬ 
nas College, Grand Rapids, Michigan; the Cranbrook Institute of 
Science, Bloomfield Hills, Michigan; the Chicago Museum of Natural 
History, Chicago, Illinois; the Brooklyn Botanical Garden, Brooklyn, 
New York; Harvard University (Gray Herbarium); and the National 
Museum, Washington, D.C. 


List of Species 

BoTRYcmtiM MtJL'HPiDiuM (Gmel.) Rupr. var. siiaifolitjm (Presl) 
Broun. — A very rare fern. Its rarity may be due to its appear- 
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4 Clayton IP. Bazuhi 

anec late in the summer. Low wet woods on north side of Camp 
Lake, Kent (-o t) no. 2I9K, Sept. 29, 1912; densely wooded 
ravine, (5rand Rapids Township, Seel ion 2, Kent Co., no. 0015. 
April 4, 1941; boggy meadow, Robinson Township, Seetion 35, 
Ottawa Co., no, 5137, Sept. IS, 1912. 

liOTHYcmuM wimplkx Hitchcock. A rare fern; found hy Mr. 
Charles Nelson on the boggy border of Blank Ash Swamp, south 
of Grand Rapids, Byron Township, Seel ion 13, Kent Co., 1939. 

Polypodxum Virginian uivT L. — Much more abundant than the 
records indicate, especially in the, dunes of Lake Michigan, 
Wooded slopes, Bostwiek Lake region, Kent Co., Charles Whom 
1938; dunes near Stony Lake, Oceana Co., no. 1717, duly h 1912; 
wooded slopes on shore of Pigeon Lake, Ottawa Co., no, 5K21, 
Sept. 8, 1943; Macatawa Park, Ottawa, Co,, no, LS99, July 30, 
1940; dune slopes, Leeland, Leelanau Co., Sister M, Marcelline 
Horton, Aquinas College, Grand Rapids. 

Ikoktks la gust his L. Apparently very rare, since this is the only 

Tsoetes I have ever collected. In shallow* water on south side of 
Soft Water Lake, Grand Rapids, Kent Co,, no. 019, Aug, 4, 
1939. 

Pot A mog kton ckispus L. - A (European species slowly spreading 
in the Great Lakes. Abundant in Reed’s Lake 1 , Last Grand 
Rapids, Kent Co., no. 911, 1939; Pickerel Lake, Kent Co., no, 
2435, July 7, 1940; Pigeon Lake, Port Sheldon. Ottawa Co., 
no. 939, Aug., 1939; Spring Lake, Ottawa Co., no, 3029, June 
21, 1941. 

POTAMOOWTON FILIKOUMIS Pei’S. VSM\ ROM KALIS I Hal'd St. John. 
Abundant in Spring Lake, Ottawa. (< ‘harles Nelson, no. 3923, 
JuneO, 1941; Bill’s Lake., Newaygo Co., no. 33X7, July 12, 19H. 

Pot a moo kton uuamjnkus var. cm wiiNieoLu s L m innem llcs 
(H obl)ins) House. 1‘Yequentin many lakes of western Michigan, 
Sandy Bottom Lake, Kent Co., no. 338K, July 7, 1911; Pine 
Lake, Kent (Jo., no. 1077, July IS, 1919; Long Lake, Ionia Co,, 
no. 3150, June 30, 1941; Duck Lake*, Muskegon Co,, July 7, 1911, 

Potamooeton wtiorhuptus Kitaibol. A rare pond weed; a, single 
station, Bostwiek Lake, Kent Co., no. 943, Nov, 28, 1939. 

PoTAMOGiOTQN BicRGHTOLmi var. polywiylliih Morong. A varia¬ 
tion of the very common P. pmUlua L, (’mnmon in ReeiPs Lake, 
Kent Co,, no. 810, Aug,, 1939; (’amp Lake, Kent Co., no, 951, 
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\ v- b I**-V.i; S.*t! W'itU'r Lake. Kent < n M no. 07*% Aug. 10, 1939; 

1 #| o. N*»*» *'•«■ nn. 2130, Auk. 3, 1911; Little Pino 
i » "M Id., K.-t.f 1 m, tin 213!, A ms. 10, 1911; Duck Luke, 
v ’* 'Ml" Jul> 7, lull; Bills Luke, Newaygo Co., 

itH , Job 12, piti. 

Pm *,m* u,i m\ 10tj!i.i\*iii ftake-. Heeurs in many lakes of western 
Mohican IL J. fasting, f'np, Mich. Arad. SetArts, and 
i.* **> r. , \ * L IA 1931 , reports it as rare, with stations in Muskegon 
;umI UHaua ruuritie.-. Abundant in Camp Lake, Kent Co., no. 
20M0, Jnlv, 1939; Crooked Lake, Kent Co., no. 5090, Aug. 10, 
1912; Batman Lake, Kent Co., no. 2907, July, 1939; Big Pine 
I hud Lake, Kent Cm,, tan 20OK, July 10, 1939; abundant in 
KtfuLall Lake. New aviso Co., no. 3507, July 22, 1941. 

1 **»t s vtot,i \n\ M'lmnioi.ns var, Hrm.wnns Fern. — A single 
tat ion. fheen Lake, Allegan Co., no. 3051. 

Vm \Mut.i io\ ueist * Ba!M,^ var. tmxuifomus (Raf.) Ogden, — 
Ih tnbuPon general; previously reported in western Michigan 
by If J, u*i fine, h»\ rif . Two new stations: Lime Lake, Kent 
C*>, no. 1S05. July 29. 1910; Walmsis (-reek, Kent Co., nos. 
327S 32S2. July II, 1911. 

Pm vMoi.i.ms V \>va i Robbins. A very rare form, abundant in 
Pine Lake. Kent Co., no. 1070, July 17, 1940; Hcram Lake, 
Kent CH„ no. 0119, July 29, 1911. 

N u w \m\ \ L Brook’s Lake, Newaygo Co., no. 2293, Aug. 3, 
19 Mf. So far as is known, tin* oeeurrenee of this plant in Michigan 
G redriefed to this station. 

Vusmv etavnooMp’vnev var. CAiivm,oitUM (Pursh) Farwell. 
nerasioiml in western Michigan; stations at Pine Lake, Kent 
( ‘o,, no. 2I8K, SepL 1, 191 L 

Ammiv chav tvoo-vhuaticv L. var. hukvickh (Greene) Bamucl- 
sen. Wet sand along M 10, near Mona Lake, Muskegon Co., 
no. 3210, July 7, 191L 

Kvurmiti.v ntt.sr.vTA Engelm. Not abundantly reported. Three 
new stations were diseovered in 1944-45: (Crystal Lake, Newaygo 
Co., no. 3993, Aug. 28, 1944; Hcram Lake, Kent Co., no. 6121, 
July 20, 1911; Provemont, Lake Leelanau, Leelanau Co., 
no. 0321, Aug. 29, 194 L 

Tycha anchmtifoma L. -Not listed for Kent Co. by E. J. Cole, 
Flora of Grand Rapids and Vicinity , 1902. Not abundant. 
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Along M-10, near Cascade, Kent Co., no. 41; Hoar Creek, 
Robinson Township, Section 23, Ottawa Co., no. 10*14, July 12, 
1910. 

Nykis uauouiniana Wall).' A rare form not previously reported. 
Shore of Angle bake, Kent Co., no. 1873, Aug. 3, 1940; wot 
sandy shore of Twin Lakes, Muskegon Co,, no. 58(H), Sept. 8, 
1913. 

Fmstikja octoflora (L.) Beaux. — A single station, Fallasburg 
Park, Kent (Jo., no. 920, May 25, 1939. 

Fioktuoa ovina var. mmiuscurnA (L.) Koch. — Abundant in dune, 
fields south of Muskegon along Lake Michigan, Muskegon (k>., 
nos. 1509-4908, May 23, 1912. 

IIoujus n.\ maths L. -Infrequent in wet marshy places. Springy 
meadow near Feenville .I unction on M 31, Allegan Go,, no, 4977, 
Aug. 1, 1912; Last. Grand Rapids, Kent (Jo., no. 0500, July 10, 
1945. 

Miuilknumimua uni flora (Muhl.) Fern. Boggy marsh along M 31 
in Fife Lake Forest, Grand Traverse Go., no. 3783, Aug. 14, 
1941. 

Paniuum AiJROSTornus Spreng, Wet sand along M40, west of 
Nuniea, Ottawa Go., no. 5079, Aug. 8, 1942. 

Paniuum Asiiki Pearson. ~ Small clumps, in dry oak woods near 
Grand Haven, Pottawattomie Bayou, Ottawa Co., no. 1349, 
May 25, 1939. 

Paniuum Dkamii ITitchc. Jk (4ia.se. A rare grass, first discovered 
by G. (5. Deam in Indiana, Dr, Jason Swallen, of the National 
Museum, informs me that the specimens taken at Stony Lake*, 
Oceana (*o., nos. 4727, 4781, July 4, 1912, are the first for Michi¬ 
gan. 

Paniuum Lindhkimmiu Nash. Wet sand on shore of Dean Lake, 
five miles northeast of Grand Rapids, Kent Co., no. 5140, Oct. 10, 
1942; wet sand along M 10, west of Nuniea, Ottawa Go., no. 
5078, Aug. 19, 1942. 

Paniuum mioiudionamo Ashe. — Apparently more*, common than re¬ 
ported, which may be due to its late appearance. Near shore of 
Dean Lake, five miles northeast of Grand Rapids, Kent Co,, 
no. 5140a, Aug. 19, 1942; on shore of Twin Lakes, Muskegon Co., 
no. 5807, Sept. 9, 1943; Crockery Lake, Muskegon Go., no. 5882, 
Sept, 9, 1943. 



7 


Vascular Plants Collected in Michigan 

P<>.\ i’A IjUSTUis L. — Marshy shore of Long Lake, Ionia Co., no. 3137, 
.lime 30, 1011; marshy southwestern shore of Stony Lake, Oceana 
Co., no. 4783, July 7, 1042. 

I’oa tkiviaijk L.Wet, shady, boggy ravine at Fallasburg Park, 
Kent Co., no. 1531, June 14, 1942. 

SoniZACHNio ihjrpurasokns (Torr.) Swallen. — Frequent in dune 
woods, on the high dunes at Grand Haven, Ottawa Co., no. 4687, 
June 20, 1042. 

Cakkx annbotkns Bickn.— Small clearing in a large beech-maple 
woods on the west belt lino of M-114, Walker Township, Section 
10, Kent Co., no. 1481, July 10, 1940. 

( Iarkx Buxkatimh Wahl. — Large marsh on Maryland Farms,M-21, 
east of Grand Rapids, Kent Co., no. 824, May 28, 1939; Ely 
Lake, Allegan Co., no. 1155, June G, 1942; L. Lake No. 1, Lake 
Co., no. 1320, June 25, 1040. 

Caiikx conoinna R. Hr. — Sides of steep, heavily wooded dune hills 
near Lake Macatawa on the Ottawa and Allegan county line, 
no. 1928, July 11, 1942. First recorded station for western 
Michigan. 

Cakkx convoluta Mack. — Numerous throughout southern Michi¬ 
gan. Under trees in wooded ravine at Fallasburg Park, Kent Co., 
no. 900, May 10, 1939; deep wooded ravine along Scott Creek, 
Kent Co., no. 1204, June 0, 1940; wooded ravine at Pine Hill, 
on the Thornapple River, Kent Co., no. 1104, June 17,1940; low 
boggy wood, Little Pigeon Creek, Ottawa Co., no. 1388, June 
17, 1910; wet woods, Green Lake, Allegan Co., no. 4550, June 18, 
1912. 

Cakkx onvmmm.s Mack.—All specimens found on wet sandy 
shores. Morgan Lake, Kent Co., no. 1222, June 9, 1942; Pine 
Lake, Kent Co., no. 1722, July 20, 1940; Omen Lake, Kent Co., 
no. 1741, July 20, 1940; Blanche Lake, Newaygo Co., no. 2084, 
Sept. 1, 1940; Bass Lake, Newaygo Co., no. 3698, Aug. 4, 1941; 
Dumont Lake, Allegan Co., no. 4641, June 27, 1942. 

Cakkx cumulata (Bailey) Mack. — Single station in rich alluvial 
soil of Bass River, where it crosses M-50, Ottawa Co., no. 931, 
July 7, 1940. 

Cakkx Crawki Dewey. — Marshy marly shore of Dumont Lake, 
Allegan Go., no. 4149, June 27, 1941. Dr. F. J. Hermann informs 
me that this is the second station for western Michigan. His 
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* 

only report is for Kmmet (*o. See his article “The (minis Cures 
in Michigan/’ Am. Mid. Nat., 25 (1911 ): -II, map 105. 

Cahiox Davisii Sell worn & Ton*. A rare sedge discovered in the 
Herbarium of K. J. Cole, Aquinas (’allege; identified by Dr. 
F. J. Hermann. Indian mounds on (irand River, near Cnmd 
Rapids sewage disposal plant., Kent Co. 

Cariox Diminrs van. Runout Hailey. Occurs sparingly in southern 
pari of Michigan. Damp woods, Wubasis Lake, Kent Co,, 
no. 1-480, July -1, 1910; dune woods along Lake Michigan at. 
Duck Lake, Muskegon Co., no. 3177, July 7, 1911; Brush Lake, 
Newaygo Co., no. 5381, June 25, 1913; Beaver Island, Emmet 
Co., no. 299-1, May 25, 1912, Sister M. Marcelline Horton. 

Oarux Hivioim Dewey. - -Salt. Spring, Fere Marquette Railroad 
yards south of (Irand Rapids, Kent Co., no. 1293, June 0, 1910; 
Pine Hill, Kent. Co., on the Thornapple River at Cascade, no. 
2952, June 7, 1911; shore of Stony Lake, Oceana Co., no, 1750, 
July 7, 1942. 

Oarkx Emmonsii Dewey.' - A new station on sandy shore of Ely 
Lake, Allegan Co., no. 1154, June 9, 1940. 

Car nx foluculata L. — Boggy woods on (Irand River, Plainfield 
Township, Section 20, Kent Co., no. 2919, May 30, 191J; boggy 
woods, Tryonc Township, Section 13, Kent. Co., no. TS9I, 
July 21, 1942; wet woods, Little Pigeon Creek, Ottawa Co., 
no. 1340, June 28, 1910; dune woods, Wilderness Park, (Irand 
Haven Township, Section 35, ()Uawn (-m, no. 1350, June 28, 1910; 
wet woods, Wetmore Luke, Monterey Township, Allegan Co., 
no. 4070, June 27, 1912. Since this species is fairly common in 
rich wet woodlands, it is ban I to understand why only a few 
reports and specimens are available. 

Caubx fomnhia Willd. Considered rare some years ago, but new 
stations have been added until its southern range now extends to 
Castle Park, Allegan Co. Dune woods, Duck Lake, Muskegon 
Co,, no. 3172, July 7, ,1941; dune woods, Ottawa Beach, Ot¬ 
tawa CM., no. 1473, June 28, 1940; dune woods, Castle Park, 
Ottawa Co., no. 4907, July 14, 1942. 

Cabex xntumkscioxs var. Fkiwalihi Bailey. - -Dense damp woods, 
Oakfiold Township, Section 8, Kent Co., no. 4954, July 22, 1942; 
wet woods, Little Pigeon Creek, Ottawa Co., no. 914, June 28, 
1939; Dumont Lake, Allegan (Jo., no. 4573, June 27, ,1942. 
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( aukx tl ammsi i Hehwoin. —A rare sedge from southwest Michigan; 
reaches its northern limit in the rich lowivoods nearGrand Rapids, 
on Aquinas College grounds, Kent Co., no. 5287, June 10, 1943; 
damp woods just west of Green Lake, Allegan Co., no. 4551, 
June 21,1912. 

Cauiox UAKvrvAGiNATA (Kukenth.) Mack. — All specimens taken 
in low rich woods. Scott Creek, Kent Co., no. 1269, June 17,1940; 
little Pigeon (-reek, Ottawa Co., no. 1598, July 12,1940; Dumont 
Lake, Allegan Co., no. 4624, June 27, 1942. 

( -a hex UAiueiNA Mack. — Abundant on boggy shore of Pigeon Lake, 
Ottawa Co., no. 1469, July 2, 1940; Black Ash Swamp, Byron 
Township, Section 13, Kent Co., no. 2801a, May 11, 1941. 

Oaiiex Lonuu Mack. - - Low oak woods along M-50, just west of 
Pottawa.ti.omie Bayou junction, Ottawa Go., no. 1611, July 12, 
HMO; along M 16, two miles east of Fruitport, Ottawa Co., 
no. 3233, July 11, 1911. 

( -a rmx leptoneuvia Fern. — Infrequent throughout western Michi¬ 
gan; throe stations given are only ones for counties named. 
High bluffs at Pine Hill, Thornapple River, Cascade, Kent Co., 
no, 2314, June 25, 1940; low dune woods, Pigeon Creek, Grand 
Haven Township, Ottawa Co., no. 541, June 28, 1940; Beaver 
Island, Emmet Co., May 30, 1942, Sister M. Marcelline Horton, 

( - a hex LHNTioi/LARTB Michx. — Discovered in E. J. Cole's herbarium, 
Aquinas College; identified by Dr. F. J. Hermann. Along Plaster 
Crook, Paris Township, Kent Co.; only record for Michigan. 

Oauex mwouum Willcl. ■ — Dune woods near Port Sheldon, Ottawa 
Co., no, 1511, July 2, 1940; dune woods, Duck Lake, Muske¬ 
gon (Jo., no. 3174, July 7, 1941. 

Oauex molest a Mack.— Rich alluvial woods, Indian mounds on 
(hand River near Grand Rapids sewage disposal plant, Kent Co., 
no. 1035, July 16, 1910; deep ravine, Big Pine Island Lake, 
Kent Co., no. 4812, May 5, 1942; rich wooded valley, Grand 
Rapids Township, Section 25, Kent Co., no. 818, May 28, 1939, 

(Jahhx okmobtaciiya Wieg. — New western Michigan station; low 
maple woods, Stony Lake, Oceana Co., no. 4701, July 4, 1942. 

Cauex Peokii Howe. — Two new stations: Beaver Island, Emmet 
Co., no. 5181, May 30, 1942; Charlevoix, Charlevoix Co., 
May 30, 1942, Sister M. Marcelline Horton. 

Caeex peojecta Mack, — Rich moist woods. Pratt Lake, Kent 
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Co., no. 1800, Juno I, 1942; Aman Park, Ottawa Cm, no. 1569, 
July 10, 1910; Long Lake, Newaygo (>o,, no. 5877, Aug. 17, 1911; 
Dorr, Alloxan Co., no. 1575, Juno 29, 1912. 

('Aiuox Rnnru (Korn.) Mark, -lta.ro; only other station known is 
in Kalamazoo Co,, reported by C. It. llanos, of Schoolcraft. 
Low mucky shore of Little Bostwiek Lake, Kent Co., no. 1298, 
Juno 2*1, 1940. 

Carex rugospkuma Mack. — Dune fields and oak clearings. Along 
IVT—1G ati Nuniea, Ottawa Co., no. 5200, July 7, 1940; cutover 
land near Spring Lake, Kent Co., no. 4871, July 21, 1942. 

Carex Sartwkemi Dewey.---A single, station. Dean Lake, live 
miles northeast, of (band Rapids, Kent (■(>., no. 827, May 29, 1910. 

Car bx sice at a Dewey. - Threw new stations; dry sterile hillside, 
Plainfield Township, Section 27, Kent Co., no. 5015, June 20, 
1941; bluffs at Richard’s farm, Ada Township, Kent! k>., no. 2855, 
June 20, 1911; sand cm north side of Penoyer Pond, Newaygo 
Co., no. 0459, May 25, 1945. 

Carex subereota (Olney) Britton. -Found in sedges sent to 
Dr. F. J, Hermann from the 10. J. Cole, herbarium. Tobey 
Lake, Caledonia Township, Section 25, Kent (Y>. 

Carex Swanii (Fern.) Mack. - Dense low woods, dune woods, and 
shaded ravines. Woods on Sand Creek south of M 50, Ceorge- 
town Township, Ottawa Co., no. 1550, July 10, 1910; low woods 
on Little Pigeon Creek, Ottawa Co., no. 1595, June 10, 1910; 
low woods on north side of Pigeon Luke, Ot tawa Co., no. 1150, 
July 2, 1910; dense*, woods at. Wabasis Lake, Kent Co., no. 1185a, 
July 4, 1940; Dorr, Allegan Co», no. 458*8, June 22, 1912; Dumont 
Lake, Allegan Co., no. 4914, June 27, 1942. 

Carex tiuchocaupa MuhL Crooked Lake, Kent (*o., JuneO, 1959, 
Sister M. Mareellino Horton. Only western Michigan record, 

Carex tonsa (Fern.) Biekn. Common on sandy wastes, in dunes, 
and on sandy bluffs. Scott Creek bluffs, Kent, Co., no. 1004, 
May 10,1940; (band Rapids Township,Section 2, no. 2880, May 
30, 194,0; Plainfield Township, Section 10, no. 1250, June 17, 
1940; Mona Lake, Muskegon Co,, no. 5759, Sept. 10, 1941; 
Muskegon City, Muskegon Co., no. 4515, May 25, 1942; dune 
meadow near Montague, Muskegon Co., no. 5002, Aug. 1, 1942; 
base of dimes on Lake Michigan at Stony Lake, Oceana Co., 
no. 4765, July 4, 1942; clearings at Brush Lake, Wilcox Town- 
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.ship, Newaygo Co., no. 5380, Juno 24, 1943; sandy field, Kaleva, 
Manistee Co., no. 0435, May 1, 1945. 

C VPKUOS D! anorhs Torr.— Rare. Sandy shores and in wet sand. 
Wet sand along (Irand River at Lowell, Kent Co., no. 4211, 
S(>pf. 2, 1911; wet sandy shore, Omen Lake, Kent Co., no. 1747, 
July 20, 1910; shore of Steam’s Bayou, Ottawa Co., no. 1843, 
Aug. 1, 1910; wet sand along M-16 at Nunica, Ottawa Co., 
nf). 5070a, July 19, 1942; dry lake bed, Little Blue Lake, Muske¬ 
gon Co., no. 0701, Sept. 9. 1945. 

Cyi’krus khubuginkhchnfs Bueckl. — Sandy shore of Steam’s Bayou, 
Ottawa Co., no. 1849, Aug. 1, 1940; sandy shore, Pigeon Lake, 
Port Sheldon, Ottawa Co., no. 1800, Aug. 1, 1940; Wolf Lake, 
Muskegon Co., no. 4277, Oct. 5, 1941; in mud along Grand 
River at Lowell, Kent Co., no. 4251, Sept. 28, 1941. 

( •Yeuitus lIouuHTONii Torr. - - Very rare, a single record, Houseman 
and Fountain streets, Grand Rapids, Kent Co., no. 535, July 12, 
1939. 

lOiiKoonAiUK comi’RKSsa var. atrata Svenson. — Wet sandy shores. 
Rost,wick Lake, Kent Co., no. 1304, June 28, 1940; Silver Lake, 
Kent, Co., no. 1409, July 5, 1940; Fruitport, Muskegon Co., 
no. 3384, July 7, 1940; roadside ditch, Pigeon Lake, Port Sheldon, 
Ottawa Co., no. 1440, July 2, 1940; shore of Pigeon Lake, Port 
Sheldon, Ottawa Co., no. 1610, July 20, 1940; beach of Lake 
Michigan, (Veil Bay, Emmet Co., no. 3845, Aug. 14, 1941; 
Hamlin Lake, near Baldwin, Lake Co., no. 3647, Aug. 3, 1941; 
Long Lake, Newaygo Co., no. 3716, Aug. 8, 1941; Beaver 
Island, Emmet Co., Sister M. Marcclline Horton. 

El,K 00 UAHiH Kuam'iUA Kuuth. — Marshy shore of Morgan Lake, 
Kent (!o., no. 1221, June 19,1940; sandy shore of Sandy Bottom 
Lake, Kent Co., no. 334.0, July 11, 1941; interdunal marsh, 
Castle Park, Allegan Co., no. 5022, Aug. 4, 1941. 

EnnoeiiARiH MUUANOOAUI’A Torr.—Although considered very rare 
when first discovered, four additional stations are now knownin 
Kent Co. and one in Allegan Co.: sand on the edge of a pond one 
mile east of Knapp Avenue, Grand Rapids Township, Section 2, 
Kent Co., nos. 1528, 1583, July 8, 1940; shore of Pine Lake, 
Nelson Township, Section 35, Kent Co., nos. 1698, 1715, July 18, 
1940; Allen Road and Clyde Park Blvd., Wyoming Township, 
Kent Co., no. 4597, June 23, 1942; at edge of a small swale, 
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one-half mile west, of Knapp Avenue, Grand Rapids Township, 
Section 12, Kent Go., no. (>053, July 20, 15)11; Kly Lake, Clyde 
Township, Allegan Co., no. 1150, June 0, 15)10. 

Eukooiiakis Rokiiinsxi Oakes. Very rare in Michigan; previously 
reported by C. R. Hanes, West Lake, Kalamazoo Co. 1 examined 
a specimen collected by P. E. Hebert, CDiversity of Notre Dame, 
at Buchanan Lake, Berrien C'o. My only station is a marsh near 
Crawford Lake, Kent Co., no. 3333, July 11, 15)11. 

Elkooiiabib tiucostata Torr. — Woodland swale, two miles east 
of Fruitport along M--l(> on south side of highway, no. 3032, 
Aug. 7, 1041; Ottawa Go., no. 5027, Aug. II, 15)12. A most, 
unusual find. Dr. Henry K. Hvenson, Brooklyn Botanical (lurdon, 
writes that it. is the first station west, of the Atlantic coast. 

Rynchqbdoka macrostachys Torr. Very rare in Michigan, al¬ 
though previously reported in southwestern Michigan. C. U. 
Hanes, Niles Swamp, Kalamazoo Co., 15)33, P. E. Hebert, and 
Bankson Lake, 15)11,«l)r. ,1. A. Niemvland, formerly of Notre 
Dame University. New stations are Round Luke, Allegan Co., 
no. 4984, Ang. 4, 15)42; one mile east of Knapp Avenue on 
M-l 14, Grand Rapids Township, Section 2, Kent Co., no. 1007, 
Aug. 28, 1942; McEwan Lake, Kent Co., no. 4187, Sept. 9, 
1942; Bass Lake, Newaygo Co., no. 30.37, Aug. 3, 1912; Little 
Blue Lake, Muskegon Co., no. 0730, Sept . 9, 1915. 

SciRi’US FUJViATtus (Torr.) Gray. Marshy area near Grand 
River, Grand Rapids sewage disposal plant , Grand Rapids, Kent 
Go., no. 1030, July 10, 15)10. 

Heliums PKDKunnATUH Fern. Along east belt, line, south of Hall 
St., Grand Rapids, Kent Go., no. 55)55, Sept.. I t, 15)13, 

JuNtuiB amunub Vill. vur. UAiUKWMtUH ilartiu. Sandy shore, 
Sandy Bottom Lake, Kent Go., no. 3311, July 1!, 15)11; Long 
Lake, Newaygo Go., no. 385, Aug. 4, 15)11; Duck Lake, Muskegon 
Go., no. 3185, July 7, 1941. 

J uncuts iiALTieus var. uttokaius f. mssiTirnouns Engelm. -Oc¬ 
casional along shore of Lake Michigan, l’igeon Lake, Port 
Sheldon, Ottawa Go., no. 2301, July 2, 1940; Bear Lake, Mus¬ 
kegon Co., no. 3207, July 7, 1911; Stony Lake, Oceana Go., no. 
4703, July 4, 1942. 

Juncus BXFLomis Ell.--Very rare. Wet sandy fields on Boston 
Avenue, Grand Rapids, Kent Go., no. 2005), Aug. 21, 15)40, 
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and no. 0517, Aug. 10, 1945; shore of Round Lake, Allegan Co., 
no. M9i, Aug. 4, 1942. 

Juntos prijOtaupus f. submiorsus Fassett. — Shallow water on west 
shore of Crystal Lake, Newaygo (Jo., no. 3898, Aug. 17, 1941. 

Juntos om\sus var. dktipiwns lhich.—Wet sand on east shore, 
Robinson Lake, Newaygo Co,, no. 3742, Aug. 8, 1941. Dr. 
F. J. Hermann reports this as the first station in the Lower 
Peninsula. 

Juntos Grkknii Oakes & Tuckcrm. — Gravelly and sandy hill¬ 
sides; not common. Fallasburg Park, Kent Co., no. 3960, 
Aug. 17, 1911; wet sand of roadside near Mona Lake, Muskegon 
Co., no, 5966, Aug. 14, 1942. 

Juntos m a tick f. anthklatus (Wieg.) Hermann. — Occasional in 
wet areas near lakes. Shore of Dean Lake, five miles northeast 
of Grand Rapids, Kent Co., no. 2183, Aug. 4, 1940; along banks 
of Little Pigeon Creek, Ottawa Co,, no. 1602, July 12, 1940. 

Union Hum School 
Grand Hands, Mithioan 




STUDIES ON PILOBOLUS: P. KLEINII 
AND P. LONGIPES 

ERNST A. BESSEY 


A MONG the most interesting of the Mucorales are the species 
>* Pilobolus, which occur in nature almost exclusively on, the 
dung of various, mainly herbivorous, animals. Freshly voided horse 
droppings brought into the laboratory and placed in a covered glass 
dish on a (able near a window will usually show a great number of 
the sporangiophores of Pilobolus within a week or ten days, and 
the side and cover of the dish toward the light will be peppered with 
the almost black sporangia, which are shot off violently toward the 
region of greatest illumination. In the sixth volume of his Researches 
on Fungi the late A. II. Reginald Buller (1934) devoted over two 
hundred pages to these fungi; their habits, structure, relation to 
light, and in particular the mechanism and physiology of the dis¬ 
charge of the sporangia. In the same work W. B. Grove discussed 
their taxonomy. 

According to Grove (1934), the first published description of these 
fungi was by John Ray, the British botanist, in 1688. The first 
mention of the discharge of the sporangia appears to be that of Tode 
(1784), in which he called the fungus "Hutwerfer” and gave to it the 
generic name Pilobolun, the Greek equivalent of the German name. 
Gradually the number of species recognized grew until in 1934 Grove 
listed sixteen, seven of these being somewhat uncertain, in his 
opinion. Palla (1900) indicated that some of the so-called species 
are perhaps better regarded as groups of closely related species. This 
ig his opinion particularly of the species groups crystallinus, kleinii, 
and sphaerosporus. Until the various forms of these groups have 
been grown under identical conditions in pure cultures, in synthetic 
culture media or at least in the same lot of culture media, it will be 
impossible to say with certainty whether they are groups of closely 
related mierospecies or merely ecological forms dependent upon the 
culture medium and other external factors. 

15 
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In this paper the two species discussed fall beyond doubt into the 
two species groups Pilobolus kiemii van Tiogliem and P. bnyipat 
van Tieghem. According to Bulior, these are the commonest species 
in Manitoba, whereas Grove and Palla consider P. kleinii and its 
kindred microspocies to bo the commonest species in the world. The 
strains studied by the writer were obtained from freshly dropped 
horse dung from the horse barns of Michigan State College, hast 
Lansing. 

The species of Pilobolus were shown by ligon Bersa (1930) to 
depend chiefly upon xylan, one of the pentoses, for their carbon 
source, and upon such substances as peptone, albumen, asparugin, 
and, best of all, leucine, as the sources of their nitrogen. The un¬ 
digested pentoses, chiefly xylan, as well as various nitrogenous sub¬ 
stances, are present in the dung. 

In my experiments the best culture medium, aside from manure, 
was a water extract of horse manure, strained through cotton to 
remove the larger particles, to which wore added 2 per cent by weight 
of powdered agar and an equal amount of ground rolled oats, the 
whole being autoclaved at least an hour at a pressure of 12 to 13 lbs, 
to kill the numerous spore-producing bacteria present. Manure- 
extract agar without the rolled oats but with glucose added proved 
unsuitable for cultivating these fungi. 

The vegetative mycelium is submerged in the culture medium, 
never producing an aerial growth. It is line, much-branched, tajwr¬ 
ing, with somewhat granular contents. Like most MucoraleB, it is 
nonsoptato, except where a wall is formed to fence off a portion in 
which the contents have become exhausted. From tins actively 
growing mycelium arise thicker, usually yellowish, unbrawhed 
hyphae which seek the surface and emerge as stout, bluntly pointed 
cylinders whose tips are phototropic, so that they turn toward the 
source of light. This usually occurs during one day. During the 
night the basal submerged or superficial portion of this spomngio- 
phore enlarges, becoming separated by a septum into a basal swelling 
(PI. I, Fig. 1 A), usually having the shape of a turnip or beet, which 
tapers into a rather straight hypha connecting with the mycelium, 
and a bulb-shaped or cylindrical trophocyst (PI. I, Fig. 1B), from 
whose apex arises directly or at an angle of 45° to 90° the sporangio- 
phore proper (PI, I, Fig. 1C). The tip of this swells to form the 
sporangium (PI, I, Fig. 1F), which is soon cut off by a septum. The 
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sporangium is filled with a yellow or an orange protoplasm, and the 
wall at first is colorless and transparent. By early morning the top 
and side walla have taken on their normal blue-black or black color, 
and just below the sporangium the apical portion of the sporangio- 
phoro enlarges to form the oval or pyriform subsporangial vesicle 
(PI. I, Fig. 1 B). The upper end of this vesicle is extended into a 
more or less coni- ,d, usually blunt, columella (PI. I, Fig. 2), which 
presses into the lower side of the sporangium, sometimes nearly 
reaching the upper wall at the center. The spores are numerous and 
embedded in a gummy substance. They are angular by mutual 
pressure until they escape from the sporangium and become separated 
by the dissolving of the gum. At maturity, usually by late forenoon, 
the sporangium wall dehisces circumscissilely where it comes in con¬ 
tact with the vesicle, probably because of the pressure from the gum 
surrounding the spores. This gummy mass projects around the 
opening (PI. I, Fig. 1 Id). 

Very shortly after this stage is reached the increased osmotic 
pressure in the vesicle, sporangiophore, and trophocyst tears the 
columella from the surrounding circular liplike structure, and the 
columella, sporangium, and contained spores are shot off, violently 
propelled by the escaping stream of liquid from the opening at the 
top of the vesicle. Buller measured the height to which the sporangia 
might be projected when the illumination was directly from above 
and showed that for the two species under consideration it occa¬ 
sionally reached six feet, whereas with lateral illumination the spo¬ 
rangia could be thrown eight feet. The top of the sporangium is dry 
and nonwottablo, and docs not adhere to objects but rolls over, so 
that the under side of the columella, wet by the liquid expelled from 
the vesicle, sticks fast to the object which it may reach. There it 
dries, and if it be a blade of grass, it is carried into the stomach of an 
animal eating the leaf. In the alimentary canal the gummy substance 
in which the spores are embedded dissolves, and the spores are dis¬ 
tributed throughout the feces. After these have been set free from 
the body of the animal, the spores germinate, and if moisture and 
temperature are favorable, new mature sporangia are shot off within 
five or six days. Passage through the alimentary canal of an animal 
is not necessary, however, for the germination of the spores, since 
theso fungi may be grown in culture indefinitely by inoculation with 
sporangia directly into suitable culture media. 
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A culture that, has hep in to produce sporangia may continue to 
do this for many weeks if not allowed to dry out too much. 

The characters upon which specific distinctions are made in the. 
genus Pilobolus are the following: 

Color of the sporangium: Bluish black to black in all species 
except P. nanus, in which the mature sporangia arc yellow. 

Color of spores: Orange in some, pale yellow or colorless in 
others. 

Thickness of spore wall: In P. longipm ami /’. onltpus there are a 
sharply distinct inner wall and a colorless outer wall about O.K micron 
thick. 

Shape of spore: Spherical or nearly so as contrasted with decid¬ 
edly ellipsoidal. 

Size of spores: In some they are large and in others rntmli, while 
in one species spores of all sizes occur in the same sporangium. 

Ease of separation of spores from gummy mass containing them. 

The shape and size of the trophoeyst, of the vesicle, and of the 
sporangium are also important characters, but. those vary much with 
the medium and with external conditions, as docs the total size of the 
structure. 

The chief points of distinction between P. klrinii and P. longipm 
(based solely upon the East. Lansing strains) are given in Table I. 

In general, Pilolmlns longijm is a larger species than P. klrinii. 
The sporangia average slightly broader, and the surface is finely and 
shortly aculeate in the former and roughened, rarely aculeate, in the 
latter. The subsporangial vesicle is oval and a little larger iu the 
former and pyriform in the latter. The trophocysts urn the most 
conspicuous points of difference. In P. longipm they arc cylindrical 
or lanceolate in outline, averaging about four times as long as the 
greatest width, and are more or less horizontal, often superficial 
when grown on manure but usually submerged in agar cultures. In 
P. kleinii they are shaped like an inverted turnip or are bulblike, Ixung 
more often upright, about three fourths as wide as tall. They rarely 
project above the surface of the medium. In both species the Inina! 
swellings are quite similar, but are usually a little longer in P. hngipm. 
The columella is much smaller and lower in P. kleinii , 

The spores are subspherical or spherical in P. hngipm and dis¬ 
tinctly ellipsoidal in P. Icleinii, with a tendency to bo broader in the 
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Chirk Dipkkuenceb sktwken P. klbinii and P. lonoipes 



P. klemii 

P. longipes 

Sporangium,,. 

Surface finely roughened, 
rarely aculeate. 45-900 jx 
broad; average of 393 spo¬ 
rangia 233 fx. Pi. I, Fig. 1F 

Surface finely aculeate. 78- 
720 fx broad; average of 115 
sporangia 248 j a. PL II, 
Fig. IE 

Vesicle. 

Pyriform. 375-945 ji long by 
225 -705 jx broad (av. 573 X 
384), Ratio of breadth to 
length 0.07. PL l, Fig. 1D 

Oval. 345-1,050 jx long by 
225-750 ix broad (av. 684 X 
512). Ratio of breadth to 
length 0.75. PI. I, Fig. 3; 
PL II, Fig. ID 

Trophocyst ... 

Having shape of inverted 
turnip; usually upright and 
submerged in the medium. 
105 520 fx tall (av. 353), 
105-315 ix wide (av. 278), 
constricted at basal septum. 
PL 1, Fig. 1 R 

Cylindrical or lanceolate in 
outline, horizontal or in¬ 
clined 45 /x, broadest be¬ 
tween middle and basal 
septum, where it is con¬ 
stricted. 300-1,350 jx long 
(av. 880), 120-315 jx broad 
(av. 217). PL II, Figs. IB, 2 

Banal swelling 

Turnip-shaped; hyaline when 
sporangia are mature. GO- 
155 jx broad, tapering to a 
nearly uniform stout hypha 
at distance of 125-375 fx. 
PL I, Fig. 1A 

Turnip-shaped; yellow when 
sporangia are mature. 105- 
180 jx broad, tapering to 
stout hypha at distance of 
150-570 ix. Pl. II, Fig. 1A 

Columella .... 

40-50 ix high and as wide, or 
only a little wider, at base; 
bluntly conical, PL 1, Fig. 2 

53-210 jx high, 105-300 jx wide 
at base; obtuse at top, upper 
part almost cylindrical or 
even slightly narrowed at 
middle; rarely low-conical. 
PL I, Figs. 3-4 

Hpomngiophore 

420-3,450 jx tali (av. 1,477), 
07-120 ix broad near vesicle, 
57“ 105 ix broad near base. 
PL I, Fig. 10 

1,725-8,250 jx tall (av. 4,463), 
75 210 jx broad near vesicle, 
60-150 jx broad near base. 
Id. II, Fig. 1C 

Total height .. 

3.75‘5 mm. (av, 4.4 mm.) 

2.Q-S.0 mm. (av. 5,2) 

Spores.. * 

Ellipsoidal, orange, thin- 
walled. 7.9-20.9 ix by 7.0- 
13,7 ju, Average in larger 
sporangia (above 570 fx), 

13.2 X 11.4 ix, in sporangia 
550 fx and smaller, 13,2 X 
8.6 fx, yet in on© sporan¬ 
gium 600 ix broad averaging 

12.2 X 7.5 ix. PL II, Fig. 4 

Subspherical to spherical, 
orange yellow, wall double, 
a distinct thin inner wall 
and a transparent outer wall 
0.8 jx thick. 7.4-16.8 X 
7.2-14.9 fx (av. 13.5 X 12- 
15). Pl. II, Fig. 3 
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larger sporangia of the latter Mian in i hr smaller ones. There is a 
marked difference in the spore walls; in I*, kleinii they show only 
one distinct layer. In P. longipcs, on the other hand, besides the 
distinct inner wall there is a transparent, outer wall about 0.8 ju thick. 
It is possible that the latter is soluble, for in sporangia that have 
stood many hours or a few days in droplets of condensation water on 
the side of the flask in which the culture was growing one finds 
difficulty in distinguishing it. In color there are some differences. 
In the mature sporangiophore the basal swelling of V. hngiprs, 
below the trophocyst, is packed with very small granules, so that, in 
transmitted light it looks dark but in reflected light appears orange 
yellow, fn P. kleinii at this stage it is practically empty. The 
protoplasmic collar at the lower end of the subsporungiul vesicle is 
large in the latter species and sometimes almost, closes the opening 
to the sporangiophore. It is orange-colored. It is much less evident- 
in P. longipcs. In both species shortly before the sporangium is 
mature the orange granules of the vesicle may form a lieautifui net¬ 
work over the whole inner surface of the wall, but at maturity the 
vesicle is practically clear. The wall of the vesicle, sporangiophore, 
and trophocyst of P. longipcs at full maturity lias a pale yellow tinge 
which is lacking in P. kleinii . 

A striking difference is shown when the two species are t reated 
with chloriodide of zinc solution. In my P. kleinii no part of the 
fruiting structure or of the vegetative mycelium takes on a violet or 
purplish coloration except a very narrow ring at the opening of the 
vesicle, where the abscission of the columella has left a slightly 
thickened lip. In my P. longipcs this lip is much more heavily colored 
by the reagent and, in addition, tins lower two thirds or three quarters 
of the wall of the sporangiophore, anti the walls of the trophocyst, 
the basal swelling, and even of the vegetative mycelium are stained a 
purple brown or violet brown. Apparently the chitin content of the 
walls is not sufficient in this species, except in the upper portion of 
the sporangiophore, to prevent the color reaction by the cellulose 
or cellulose-related substance composing a large part of the wall. It 
would be interesting to determine whether the same condition iH true 
for the large forms of P. longipcs, whose fruiting bodies are sometimes 
ten times as tall and are much thicker than those in the form 1 had. 
Possibly other species from various regions may vary in their reaction, 
Klein (1872) observed the staining of the cell wall of Pilobolun on 
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treatment with iodine, dissolved in KI solution. He reported the 
wine-mi coloration of the cell wall of the whole sporangiophore and 
trophoeyst, basal swelling, and vegetative mycelium in some tests or 
only of the lower portion of the sporangiophore in others. Probably 
he was dealing with different species. He did not have pure cultures 
of Ins fungi, for in some of his fungi he had round and in others 
ellipsoidal spores, and the latter were orange-colored and large or 
almost hyaline and small. He was inclined to the belief that all 
were perhaps merely forms or different stages of development of the 
same species. Unfortunately he did not indicate upon which of these 
forms he made his tests with iodine solution. He apparently had at 
various times P. crystallinus (Weber) Tode, P. roridus (Bolt.) Pers., 
P. kleinii van Tieghcm, and P, sphacrosporus Palla. 

Although on the average the spores of P. kleinii are broader in 
proportion to their length in the larger sporangia, it is interesting to 
note that in a culture from a single sporangium the sizes of the 
sporangia produced are extremely variable. A number of such cul¬ 
tures were made, being inoculated with single sporangia of different 
sizes for each culture. The results are shown in Table II. 


TABLE II 

Equation or Bize of Sporangium Used as Inoculum to Size of the 
Sporangia Produced in the Cultures (P. Khssmn ) 


Ifltemctcr of sporangium 
used as inoculum 

(a) 120 g 
0 b) 150 g 
M 180 g 

id) m g 

M 345 g 
Av. 231 g 


Range of size in the 
sporangia produced 

90-300 g 
82-315 g 
60 450 g 
00 420 g 
00-405 g 


Average size of spo ¬ 
rangia produced 

213 g 

166 g 

225 g 
195 g 
146 g 

180 g (204 sporangia) 


Transfers of sporangia of (a), (c), (d), and (e) into soyka dishes 
containing autoclaved horse manure gave sporangia of various sizes as 
follows: (a) 60-308M,av. 192 pc; (c) 99-420 m, av. 259//; (d) 97-420 
av. 240 /x; ( e ) 46-430 p, av. 216 /x. 

From the foregoing data it is apparent that for P. kleinii the size 
of sporangium used as inoculum has no close correlation with the size 
of the sporangia produced by the resulting cultures. 

In P. longipes also the sporangium size of the culture varied greatly 
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from the size of the sporangium used as inoculum. Thus in one 
culture the sporangia produced ranged from 187 to 015 p, with an 
average of 873 p. 

In a culture of P. klcinn in manure extract and ground rolled outs 
and agar an abundant production of sporangia occurred for several 
weeks. There was early a small bacterial colony which grew until 
the agar was pretty well covered. The culture was examined about 
three months after it was started. There were no zygospores. The 
lateral branches of the vegetative mycelium, instead of tapering to 
points, were swollen terminally and produced terminal and inter¬ 
calary ehlamydosporos wif.li a pale brown wall about. 2 ju thick. Some¬ 
times clusters of these ehlamydospores resembling bunches of grapes 
occurred near the trophoeysts, arising from the same hyphae. Pos¬ 
sibly exhaustion of the medium or toxic action of the bacteria was 
responsible for the production of the ehlamydospores. 

Sexual reproduction has rarely been observed in Pilobolus. In 
1888 Zopf described and illustrated zygospore formation (PI. Ill, 
Figs. 2 -5) in P. ld&inii (which he erroneously identified as P, cryxtul- 
linus). lie found this only where the fungus was parasitized by 
Plmlraehelus fulgens Zopf or by Htjmcphalis up. In his illustrations 
he shows several zygospores in various stages of development, one of 
them with the two suspensors arising from the same hypha. 1 le men¬ 
tions this occurrence particularly in his text (PI. Ill, Fig. 2, of the 
present paper). This would mean that the species is homothallie. 
According to Blakesleo (UKM), Hr. Roland Thaxter observed fhese 
zygospores but did not publish on them. In 1900 Morini drscrilied 
and figured zygospores in P. honianm Marini, hut did not give any 
duo whether the species is homothallie or hetorothalHc. In 1031 
Hans Krafezyk reported zygospore formation (PI. Ill, Fig. 6) in 
agar cultures of P, crydallinm (Weber) Todo, These were produced 
only when two strains of opposite sox wore mated. The species ia 
definitely heterothallic. 

I was fortunate enough to obtain one lot of fresh horse manure 
upon which sporangiophores of P. kleinii arose in great abundance, 
with no signs of attack by Plootrachelus or by Syncephalia. In the 
upper two or three millimeters of the manure largo numbers of the 
zygospores were produced. In another lot of manure two months 
later a few sporangiophores were produced, and several trophoeysts 
and other organs were infected by Pleotracheius JuLqbm (PI. Ill, 
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Fig*. K 9). in litis ouifttro, too, a large number of zygospores ap¬ 
peared. in the mwpermorw and supporting hyphao of a few of thes e 
went numemiiH spheriml to ellipsoidal sporangia of an Olpidium- 
like fungus, 7 Hi n in longer dimension (PL III, Fig. 7). Some per¬ 
forated the Pilobolus wall by a single short exit tube, but since no 
zoospores could be observed the identity of the fungus could not be 
determined. In some of the sporangia instead of thin walls the walls 
were about 0.7 jJ. thick. The contents of the sporangia, both thin- 
and thielc-walled, were yellowish but the walls were hyaline. 

In none of the cultures made in agar combinations were zygo¬ 
spores produced, whether inoculation was made byasingle sporangium 
or by many sporangia or by mating cultures originated from sporangia 
of different sizes and origin, or even by attempting to cross P. kleinii 
and J\ longipca. In none of the manure cultures or agar cultures 
of the latter species could I find zygospores. 

'Hie zygospores (PL III, Fig. 1) of P. kleinii are more or less 
spherical, sometimes longer in the vertical direction, sometimes 
flattened, so that the equatorial direction is the greater. The measure¬ 
ments of thirty-four mature or fully grown zygospores ranged from 
53 to 150 n in both directions, the average dimension being 97 and 
88 (x for height and equatorial diameter respectively. When the 
zygospores are immature, the outer wall is smooth and almost color¬ 
less, and the intorior of the zygospore contains many small or a few 
large yellow drops. At zygospore maturity the outer wall, the 
original wall of the united gametangia, is ruptured and forms flakes 
of various sizes which givo the zygospore a roughened appearance. 
The interior wall of the mature zygospore is 2 to 4.4 n thick and is 
pale brown, as are the walls of the pyriform suspensors. In the 
mature spore the oil drops have disappeared, and the contents are 
finely granular. 

The suspensors are caught around one another at the slender bases 
and at the contact surfaces various finger-like lobes and branches 
wind around the supporting hyphae, sometimes interlocking like the 
fingers of clasped hands. In my opinion this structure serves to hold 
the suspensors tight at the bottom. At first they are relatively 
slender and parallel, but later bow out until the tips meet at an obtuse 
angle, the bodies of the suspensors rapidly becoming thicker. The 
gametangia are then cut off near the tips by cross septa, and soon the 
flattened mutual wall between the greatly enlarged cells dissolves 
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out and the zygospore in produced. At the beginning the latter in 
enclosed only in the walls of the gnmotangia but immediately an inner 
wall begins to be deposited. In the meantime the suspensors have 
become pyriform and lutve resumed contact with each other for their 
full length. No two zygospores were found in which the entangle¬ 
ments at the bases of the suspensors were alike. As shown in some 
of Zopf’s illustrations, this entanglement may be scarcely more than 
a simple twining once of the two hyphno or a very complicat ed system 
of interlocking fingers may be developed. 

In the specimens examined there was no evidence to indicate 
whether P. klcinii is hcteroihallie, or homotlmllie. The cultures in 
sterile manure and in manure-extract agar did not produce any 
zygospores, whether the inoculum was one sporangium or a large 
number of sporangia. 

Several attempts were made to obtain cultures by inoculating a 
zygospore of P. klcinii into sterilized manure and into agar made up 
with extract of manure with various additions. Other fungi as well 
as bacteria, evidently contaminants on the surface of the zygospore, 
grew, but no trace of Pilobolus appeared in over two months, by 
which time the cultures had become too dry for growth of this fungus. 

Michigan State College 

East Lansing, Michigan 


LITBRATURK (JlTIOl) 

Bekha, Egon. 1030. Kult.ur uml Krutlhrungsphysinlogin dcr tinMung Pt ! n ~ 
holm. Hitzungsbor. <1. Akmt. it. Wissonsrhaft, Wien. MiilhimnttiNrlt- 
naturwiss, Kl., I. Aiit.., Mineral., Biol., Krdk., 130:355 371. 

Bimkkki.ee, A. F. 1904, Sextml Reproduction in the Mticormrmt. Prist. Am. 
Acad. Arts and Hci., 40:205 319, 4 pis., 4 text tlga, 

Bullkr, A. H. Reginald. 1034. The Biology and Taxonomy of i’iinhntus. 

Researches on Fungi (1(1): 1-224, 111 figs. Longmans, Green & Co,, 
. London, Now York, Toronto. 

Gsova, W. B, 1934. A Systematic Account and Arrangement of the Pilo- 
bolidae. Cltaptor IV (pp. 190 -221) of Bullcr’s work as cited, 

Klein, Julius. 1872. Zur Kenntnis des Pilobolus. Jahrb. f. Wissenwh. Rot., 
8:305-381, pis. 23-30. 

Krafczyk, Hans. 1931. Die Zygosporenliiidung bei Pilobolus eristallinus, 
Ber. d. Deutsch. bot. Gesselisch., 49; 141-146, 2 figs, 

Mosrai, Juliub. 1900. Material! per una monografia della Pilobolee. Mem, R. 
Acead. Soi. 1st. Bologna, Ber. 6, 3:111-129, 1 pi. 



Studies on Pilobolus 25 

Palla, K, 1900, Znr Konntnis der Pilobolus-Arten. Oesierreicli. Bot. Zeitschr., 
50 (10): 349- 370, (11): 397-401, pi 10, 10 text figs. 

Kay, John. 1088. 1 listeria Plantarum, 2:1928. 

Todjm, 11. J. 1784, Beschreibung cles Hutwcrfers. Schriften d. Berliner Ge- 
sellsch, Naturf, Freunde, 5:46, pi. 1. 

Zopf, Wilhelm. 1888. Zur Kenntnis der Infeetions-Krankheiten niederer 
Thiero und Pflanzen. Nova Acta d. Ksl. Leop.-Carol. Deutsch. Akad. 
d, Naturf., 52 (7): 313-376, 7 pis. 



PLATES I-1I1 



HUSSEY 


HATE I 






200/U. 


Fkj. !. I’iloholw h Idvinii van Tieghem: A, basal 
swelling; B, trophoeyst; C, sporangiophore; D, 
subsporangial vesicle; A T , mass of spores em¬ 
bedded in gum at base of partially opened spo¬ 
rangium; 1<\ sporangium 

Fiu. 2. P. klmniij columella and upper portion of 
subsporangial vesicle 

Fiu. 3. P. lonyipes van r rieghem, subsporangial vesi¬ 
cle and more typical form of columella 

Fw. 4. I*, longipvx, broader, less typical, form of 
columella 
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Fig. L P. kleinii, zygospore 

Figs. 2~5. P. kleinii, after Zopf. In Figure 2 the homothallic origin of the 
zygospore is shown 

Fin. 0. Zygospore of P. cry&tallinus Tocle, after Krafczylc 

Fig, 7. Zygospore of P. kleinii showing zoosporangia of an Olpidium-like 
fungus in the suspensors and supporting hyphae 

Fig. 8. Pleotrachelus fidgena Zopf in trophocyst of P. kleinii 

Fig. 9. Young zoosporangium (?) of PI. fulgens in a heaped~up mass of 
the protoplasm in a sporangiophore of P. kleinii 





ADDITIONS TO AN ANNOTATED LIST OF 
THE HIGHER PLANTS OF THE REGION 
OF DOUGLAS LAKE, MICHIGAN. Ill* 

FRANK O. GATES 
Kansas State College 

AND 

JOHN II. EULERS 
University of Michigan 

I N i 909 the University of Michigan established the Biological 
Btation at Douglas Lake, Cheboygan County, Michigan. As 
stated in the first paper in this series, in the same year F. M. Loew 
began to list the plants in the vicinity of the station in Cheboygan 
and Emmet counties, the two northernmost counties of the Lower 
Peninsula. In 1911 F. C. Gates, who was then serving as an agent 
of the Michigan Biological and Geological Survey, brought the num¬ 
ber of species up to 530. This list was published in the Fourteenth 
Report of the Michigan Academy of Science (1912), pp. 46-106. 

Upon the return of F. C. Gates to the station in 1915 and the com¬ 
ing of J. H. Ehlcrs in 1916 a program for the active study of the higher 
plants of the region was instituted. In 1925 they published in the 
Papers m annotated list of the plants, and in 1928 and 1931 made 
additions to it. 1 

It was the original intention of the authors to publish additions 
every five years, but circumstances, including the retirement of Dr. 
Elders in 1938, prevented the carrying out of the plan. Fortunately, 
it is now possible to present a third list of additions, which increases 
the number of species and varieties to 1,226. This list, covering the 
first thirty years of systematic botanical work in the two counties 
mentioned, brings to a close our joint reports on the flora of the 
Douglas Lake region. 

* Contribution 472 from the Department of Botany of Kansas State Col¬ 
lege and Paper 840 from the Department of Botany of the University of Michigan. 

* Papers 4 (1924): 183-284. 1925; 8(1927): 111-120. 1928; 13 (1930): 67- 
88. 1931. 
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The period of our botanical investigations has witnessed great, 
changes in the activities of this region. At. t he beginning there was a 
thriving lumber industry, but at. present little wood other than that 
used for fuel or for poles is being cut. Great. areas of cut-over land, 
good, medium, and bad, that were once devoted to fanning are now 
abandoned, and, where cultivation was thorough, arc growing up in 
grass. In other places forests of aspen, beech -maple, pine, or white 
cedar arc intruding upon them. Instead of numerous small streams 
one now finds ditches and drainage canals, many of which are dry 
most of the time. The winding sand roads through the woods have 
been replaced by macadam or gravel roads, although there are a few 
black-top ones. Horse-drawn vehicles have yielded to automobiles. 
Originally no fruits were cultivated, but there, is now some sporadic 
raising of small fruits such as raspberries and strawberries, and a few 
apple orchards. The amount of fruit picked from wild areas still 
exceeds that grown under cultivation; it consists mostly of blue¬ 
berries and blackberries, and small quantities of cranberries. AH 
of the towns have diminished in size. There has been some increase 
in the number of recreational camps, as well as in tourists' accommo¬ 
dations during the summer and in hunting facilities during the late 
fall. Many trees have been planted on University properties and a 
few elsewhere. Forest fires, the former bane of the region, have 
virtually been eliminated. 

An interesting caso history of the difficulties of the city of {%•- 
boygan between 1890 and 1910, written by 1). L. Gibson, entitled 
Socio-Economic Evolution in a Timbered Area in Northern Michigan, 
was published in 1914 by the Michigan Agricultural Experiment 
Station as Technical bulletin No. 193. 

Our data are now grouped under five headings instead of the cus¬ 
tomary four. They are as follows: (1) now records for the region; 
(2) now records for Emmet County; (3) now records for Chelmygan 
County; (4) verifications of Emmot County records by C. W. Fallawi 
and C. H. Swift; and (5) now records made by the senior author, 
1938-45. The families are arranged as in the other papers of the 
series and numbered accordingly. 

In. a study of the grasses of the Douglas Lake region L. H. Harvey 
published in the Papers, 25 (1939): 43-46. 1940, with permission, a 
number of records which would otherwise now Ixs given for the first 
time. His name is added to each repeated record. 



Plants of the Douglas Lake Region 29 

In this iirti-Uio fetters “ K.” ami at the extromo right indicate 
Emmet ami ('hebnygan counties. 

New Records fob the Region 

In this section are included plants found in the region for the first 
lime since the publication of the original list and its two additions 
and also species for which identifications have since been made. 

Phylum LEPIDOPHYTA 

1. Lycopodjacbab (Club Moss Family) 

Lycopodium inundatum L. C. 

Handy shore of Vincent Lake, 1933; bog mat at Little Lake 
Sixteen, 1930; spreading rapidly. 

Phylum ANTHOPHYTA 

2. Butomaceae 

Butomub umbellatus L. E. 

Near Alanson, by V. J. Wulff, 1938, July. 

6. Sparganiaceab (Burreed Family) 

Sparganium androcladum: (Engelm.) Morong ( S . americarwm 


androcladum (Engelm.) Fernald & Ames) E. 

In Crooked River at Alanson, 1934. 

9. Potamogetonaceab (Pondweed Family) 

Potamogeton angustifomus Berehtold & Presl C. 

Maple Bay, Douglas Lake, 1933; Black Lake outlet, 1934. 
Potamogeton epiiiydrus Raf. C. 

Lancaster Lake, 1933. Rare. 

Potamogeton heterophyluus f. terrestris Schlecht. E.C. 

A common form in low-water years, but not previously mentioned 
by name. 

Potamogeton obtusifolius Mertens & Koch E. 

Shallow water of Carp Lake, 1933. 

Potamogeton koijbinsii Oakes E.C. 


Crooked River at Alanson, 1935; Pigeon River near Mullet 
Lake, 1937. Rare. 
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POTAMOOETON BTRICTIFOLIUa RUTILOIDES Femald C. 

A variety additional to the species from the outlet of Blank Lake, 
1032. 

10. Liliacbak (Lily Family) 

Maianthkmum canadknhe pubehoknb F.( 

The pubescent form occurs with the glabrous form in various 
pinoland areas in both counties. 


12. Pontederiaoeak (Pickerelwoed Family) 

IIetrranthera dubia (Jacq.) MacM. ■■ 

Black Lake near outlet, 1933; Crooked River near Munson, 1038. 

16 . Xymdaukak (Yelloweyed Crass Family) 

XYRIB MONTANA Eies. < 

Mat at Little Lake Sixteen, 1930. 

18. Juncacbae (Rush Family) 

Juncus AU'iNua KAHm.OHifs Ilartm. H.C. 

This variety, determined by F. J. Hermann, was formerly listed 
as Juncus alpinus insignis. Frequent on wet gravelly and sandy 
shores. 

Juncus effusus comb actus Lejeune & C'ourt.ois K. 

Swampy banks of Crooked River, 1938. (A variety added.) 
Juncus miutabis Bigel. ( 

Little Lake Sixteen, forming floating islands in the lake anti later 
in the mat on the east aide. 

Juncus pkujcarpuh May. C. 

Border of Penny Lake, 1932; sandy shore of Vincent Lake, 
mat of Little Lake Sixteen, 1930. 

Juncus vabkyi Engolm. C. 

Sandy flat, Penny Lake, 1933. 

30. Cyperaceae (Sedge Family) 

Cabex nobmaus Mackenzie C, 

Wooded shore of Burt Lake, 1930. 

Carhx sbtacea ambioua (Barratt) Fernald (!. 

Roadside ditch along road to Cheboygan, 1932. 

Elbocharis obtusa (Willd.) Schultes ('. 

Muddy banks of Nigger Creek, near Mullet Lake, 1938. 
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KCLHKIA VBKTICILLATA Muhl. 

Bog margin at Cecil Bay, 1938. 

31. Poackae (Grass Family) 

Fkhtuoa octoflora Walt. C. 

Along a path at the Biological Station, probably brought in mud 
by automobiles. Ehlers, as recorded in L. H. Harvey, 1940. 
Eragrostis poaeoxdbh Bcauv. C. 

Ballast of Michigan Central Railroad, Mackinaw City, 1937, 

L. H. Harvey, in Ilarvey, 1940. 

PHRAGMITEB COMMUNIS f. REPENS E. 

With long runners (to 43 feet) on clayey-rocky flats of Lake 
Michigan east of Cecil Bay, 1937, L. H. Harvey, in Harvey, 
1940. 

Agropyron stTBSKOliNDUM (Link) Hitchc. (A. caninum of our pre¬ 


vious list) C. 

Sandy shore, Straits of Mackinac. 

Lolium tkmulentum L. C. 

Cheboygan dumping ground, 1938, L. H. Harvey, in Harvey, 
1940. 

Agrostis palustris Huds. (A. maritima Lam.) (This name was 
used for Agrostis alba L. in our previous list.) C. 

Cheboygan dumping ground, 1935. Ehlers, as recorded in Har¬ 
vey, 1940. 

Si’OROholus cryptandrus (Torr.) A. Gray C. 

Along XJ. S. Highway 23 near Mackinaw City, 1937, L. H. Harvey, 
in Harvey, 1940. 

Bkckmannia syzigaoiine (Stcud.) Fernald E. 

Bordering a cold spring at Alanson, 1932. Ehlers, as recorded 
in Harvey, 1940. Now also to Michigan (fide Harvey). 
Pualarib canariknsis L. C. 

Cheboygan dumping ground, 1938, L. II. Harvey, in Harvey, 
1940. 

Phalauis arundinacea picta L. C. 

Grassy banks of Cheboygan River at Cheboygan, 1934. 

Panicum lindhhimkri Nash. C. 


Marshy shore of Duncan Bay, 1938. (Determined by J. R. 
Swallen.) 
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PaNIOHM MIIjIACKUM L. ( '■ 

Cheboygan dumping ground, HK?d. 

35. Iiudaokak (Iris Family) 

Iris viucunica L. F.,C. 

Swamps at head of Burt Lake, 1931; Duncan Bay; Indian River; 
Cecil Bay. 

45. Okchidackak (Orchid Family) 

Calypso bxjlbosa (L.) Oakes H.( 

Shaded, banks of Duncan Bay, 1931, by K. L. Walp, under pines 
in Big Stone Bay, 1933. 

ITahknahia di batata media (Rydb.) Ames K. 

Margin of bog in Cecil Bay, 1933. (A variety of the species pre¬ 


viously listed as Limnorehis dilatata.) 

80. Mouaoeab (Mulberry Family) 

Cannabis sativa L. C. 

Weed in barnyard at Ingleside, 1921. 

104. Kuphokbiackak (Spurge Family) 

Galarrhoexjs khula (L.) Rydb. K. 

Sandy soil, along U. S. Highway 31 south of Carp Lake, 1935. 
Chamamsych humihtrata (Kngcltn.) Small K. 

Waste ground in Mackinaw City ami in Bay view, 1931. 

108. Hyi’KRIoaokak (St. John's Wort Family) 

IlYPKRtCtJM CANAOKNHN L. 10. 

Marsh around French Farm Lake, 1030. 

132, Brahsicaokak (Mustard Family) 

EmiCASTOUM qaiiLIcum (Willd.) 0. 10. Schulz V. 

Cheboygan dumping ground, 1933. 

140. Saucaceae (Willow Family) 

SAUX CANDIDA X S. BEBBIANA (!. 


In a Larix bog across the Cheboygan--levering road north of 
Mud Lake, 1936. 
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146. Chenopodiaceae (Goosefoot Family) 

Atriplex patula L. C. 

Cheboygan dumping ground, 1936. Varieties hastata (L.) Gray 
and littoralis (L.) Gray; both in the same place, 1933. 

147. Polygonaceae (Smartweed Family) 

Polygonum douglasii Greene E. 

Sandy shore of Lake Michigan near Cross Village, 1932. 
Polygonum stevensii Brenckle E. 

Beach at Cecil, Aug. 22, 1936 (F. C. G. 19582). (Determined by 
Brenckle in 1941.) 


151. Primulaceae (Primrose Family) 

Lysimachia nummularia L. C. 

Low ground, and submerged in Mud Creek, inlet into Carp Lake, 
1935. 

Stkironema quadriplorum (Sims) Hitchc. C. 

Grassy shore of Black Lake at Fairview, 1937. 

169. Boraginaceae (Borage Family) 

Anchusa officinalis L. C. 

Abandoned house at Itiggsville Comers, 1935. 

Symphytum officinale L. C. 

Waste ground, Cheboygan, 1934. 

172. Olmaoeae (Olive Family) 

Lkiuhthiim vttlgaue L. E. 


Shrub, escaping along Grand Rapids and Indiana Railroad (now 
Pennsylvania Lines) near Kcgomic, 1930. 

. 178. Scrophulariaceae (Figwort Family) 

Cahtjlleja pallida septentrionalis (Lindl.) Gray E. 

Bogs west of Cecil, 1936. 

Vbruascum blattahia alkiflorum Ktze. E. 

Roadside west of Pellston, 1931. A variety (better, a form) of 
the species previously recorded. 
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182. Orobanoiiaoeae (Broomrape Family) 

Anoplanthus unifloruk (L.) Kndl. (Orobanche, Aphyllon, Tim- 
lcsia) C. 

At margin of coniferous woods, east shore of Duncan Bay, 11)31. 

185. Lbntibulariaceae (Bladdcnvorfc Family) 

TJtRICULARIA CLAN0BSTINA Nutt. C. 

Livingston Bog, 1932, by G. E. Nichols. 

191. Lamiackar (Mint Family) 

ITkdkoma hispida Pursh C, 

Roadside in Inverness Township, 1935. 

Lycopus virginicus L. C. 

Shore of Burt Lake west of Carp Creek, 1930. 

192. Rohaceae (Rose Family) 

Rosa blanda hermanni Erlanson C. 

Ice rampart, Duncan Bay, 1931. (Determined by 10. W. Erlan¬ 
son.) 

Rosa rubiginosa L. (’. 

Ballast of Michigan Central Railroad at. Mill Creek, southeast of 
Mackinaw City, 1930. 

Rubus peracer Bailey. (rentes Tferbnrum, 5:492 194. 1944. C. 

“Bank of stream, near University of Michigan Biological Station, 
Bailey 788.” 

Rubus parviflorub Nutt, of our earlier list is now separated into 
R. parviflorus hypomalacun Fernald, previously listed, and 11, par- 
mflorus bifarius Fernald. The latter, from a limestone outcrop 
at Mill Creek, 1930 and later years, is new to the list. K.C. 

Schizonotus sorbifolius (L.) Lindl. ( Sorbaria mrbifalia (L.) A. 
Brown.) 10. 

Escaped from cultivation. Roadside two miles east of Bliss, 1931. 

193. Malaceak (Apple Family) 

Amelanchier: The amelanchiers of our previous list have been fur¬ 
ther collected by J. H. Elders and reevaluated by K. M. 
Wiegand as follows: 
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Amelanchier bartramiana X laevis Wiegand? C. 

East side of Smith’s bog. 

Amelanchier laevis Wiegand C. 

Aspens south of Douglas Lake and Smith’s bog region. 
Amelanchier laevis X stolonifera Wiegand E.C. 

Sandy ground vicinity of the Biological Station and Cecil — Big 
Stone Bay region. • 

Amelanchier huronensis Wiegand E.C. 

Aspens in the vicinity of the Biological Station and openings in 
coniferous woods in Big Stone Bay region. 

Amelanchier huronensis X laevis Wiegand (probably) C. 

Aspens near the Biological Station and Smith’s bog. 
Amelanchier huronensis X stolonifera Wiegand? C. 

Sandy ridge near the Biological Station. 

Amelanchier stolonifera Wiegand E.C. 

Jack-pine plains south of Burt Lake and dune region of north¬ 
western Emmet County. 

Crataegus lucorum Sarg. C. 

Jack-pine forest, 1930. 

194. Prunaceae (Plum Family) 

Prunus americana Marsh. C. 

Sandy soil at Yoeman’s, Colonial Point, Burt Lake, 1932. 

198. Cassiaceae (Senna Family) 

Gleditsia triacanthos inermis Willd. E. 

Hedgerow along U. S. Highway 31 between Brutus and Alanson 
1932. 

199. Fabaceae (Bean Family) 

Lathyrus latifolius L. E.C. 

Roadside and railroad ballast north of Alanson, 1934. Cultivated 
and escaping at the Biological Station. 

Lathyrus tuberosus L. . E. 


Roadside along U. S. Highway 31 south of Carp Lake, 1935. 
Vicia dasycarpa Ten. 

Roadside along U. S. Highway 31 south of Carp Lake, 1936. 
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215. Lythraceae (Loosestrife Family) 

Lythrtjm samcaria L. 0. 

Grassy swamp at outlet of Cheboygan River, 1933. 

261. Aesculackae (Buckeye Family) 

Aesculus hippocaspanum L. 0. 

Cultivated in Cheboygan. 

262. Aceraceae (Maple Family) 

Acer saccharum ruqemi Rehd. C. 

Woods along north shore of Burt Lake, 1931. (Additional to the 
species.) 

269. Jugeandaceae (Walnut Family) 

Carya (probably C. gbahra (Mill.) Bpaeh.) K, 

Planted along a road east of Round (Lark) Lake; not fruiting, 
1933. 

270. B ETUI.ACEAK (Birch Family) 

Betula pumila L. ('. 


In Chamaedaphne bog at Little Lake Sixteen, 1936. The variety 
glandidifera Regel is also present in the same area. 

279. Oaprifomackak (Honeysuckle Family) 

Lonicera morrowh A. Gray M. 

Escaping from cultivation. Along Fere Marquette Railroad near 
quarry at Bay view, 1931. 

Lonicera tatahica L. E. 

Escaping from cultivation. Along Pere Marquette itailroad near 
quarry at Bay view, 1931. Previously recorded in cultivation. 
Symphoricarpos occidkntauh Hook. (!. 

At Michigan Central Railroad station at Topmalwe, 1934. 
Symphoricarpos racbmosus pauciflorus Robbins E.C. 

Previously recorded as the species from jack-pine plains south of 
Burt Lake. Sandy woods edging Lake Michigan at Lookout 
Point. 
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287-300. Compositae 
287. Helianthaceae (Sunflower Family) 

Heuantiius hirsutus Raf. C. 

Cheboygan dumping ground, 1933. 

Rudbeckia laciniata L. E.C. 

Banks of Sturgeon River south of Burt Lake, 1931; roadside ditch 
at southwestern comer of Emmet County, 1942. 

288. Ambbosiaceae (Ragweed Family) 

Ambbosia tbifida integrifolia (Muhl.) Gray C. 

Cheboygan dumping ground, 1935. (The species has previously 

been recorded from Emmet County.) 

293. Astebaceae (Aster Family) 

Aster paniculatus bellidiflorus (Willd.) Burgess E.C. 

Low ground in aspens along Maple River west of Douglas Lake, 
1938. 

296. Anthemidaceae 

Matricaria suaveolens (Pursh) Buchenau E.C. 

Cheboygan and dumping ground, 1936; along a road on the 
north shore of Carp Lake, 1935. 

298. Carduaceae (Thistle Family) 

CENTATIREA CYANU8 L, C. 

Cheboygan and the city dumping ground, 1935. 

300. Lactucaceae (Lettuce Family) 

SoNCHUH ARVENSIS L. C. 

Waste ground and fallow field, Cheboygan and vicinity, 1931 
and later. 

Also var. glabrescens Gunth., Graebner and Wimmer, in the same 
places, 1933 and later. 

New Recoeds for Emmet County 

Since the publication of the previous papers the species listed 
below have been found in Emmet County also. 
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Phylum PTERIDOPHYTA 

11. POEYPOOIAOKAK 

Dryoi’tkiuh phegoiteris (L.) 0. (!hr. K.C. 

In Thuja woods along Pickerel Lake, 1033. 

Phylum ANTHOPHYTA 


6. Sparganiaobae (Burrced Family) 

Spa roan him ambrioanitm Nutt. K.C. 

Crooked River, 1037; also in the Cecil Bay region, 1038. 

9. Potamoghtonacbak (Pondweod Family) 

POTAMOUBTON FOUOBUH Raf. K.< ! . 

Carp and French Farm lakes, 1933; a pond in Wilderness Slain 
Park. 

POTAMOGETON IIKTBROPHYUjUH f. MYIUOPilYM.UH (liohhius) Mll- 
rong K.< 1. 

French Farm Lake, 1035. 

22. Naiadaoeak 

Naiah flhximh (Willd.) R. & S. K.C. 

Crooked River, 1032, and Sucker Creek, 1931. 

30. Cyphkaokak (Hedge Family) 

Carmx projecta Mackenzie K.C. 

Big Stone Bay, 1924, and Lark Lake area, 1033. 

SOIRPUH BUBTERMINA I.W TulT. K.C. 

French Farm Lake, 1930 and 1935. 

31. Poaceab (Crass Family) 

AOROSTIS CAPILIjARIS L. K.C. 

Wot road at Wycamp Lake, 1931. 

Braohyblytrum erectum (Schreh.) Beauv. K.C. 

Thickets along Crooked River near Alanson, 1932. F.C.G. 17204. 
L. H. Harvey 418, 1937, in Harvey, 1940. 

Leersia oryzoxdes (L.) Sw. K.C. 

Crooked River at Alanson, 1934. J. II. E, 5049. L. II. Harvey 
510, 1937, in Harvey, 1940. 
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Panicitm tsugetorum Nash E.C. 

“Widespread on old vegetated sand dunes southeast of Sturgeon 
Bay. Harvey 683,1938.” 

140. Salicaceae (Willow Family) 

Salix cordata Muhl. E.C. 

Foredune ridge at Cecil, 1931. 

169. Boraginaceab (Borage Family) 

Cynoglossum boreale Fernald E.C. 

Open woods at Trail’s End, Cecil Bay, 1930; north of Harbor 
Springs, 1937. 


194. Prunaceae (Plum Family) 

Pbcjnub amjKGiianiensis davisii W. F. Wight. E.C. 

Small tree in piny aspens east of Pellston, 1930. 

224. Haloragidaceae (Water Milfoil Family) 

Myriophyllum verticillatum pectinatum Wallr. E.C. 

Crooked Biver at Alanson, 1937. 


287. Helianthaceae (Sunflower Family) 

Hemanthtts stjbrhomboideus Rydb. (= Helianthis rigidus (Cass.) 
Desf.) E.C. 

In aspens west of Douglas Lake, 1934. 


293. Asteracbae (Aster Family) 

Aster eindleyanus T. & G. E.C. 

Piny aspens east of Pellston, 1931. 


New Records for Cheboygan County 

Since the publication of the previous papers the species listed 
below have been found in Cheboygan County also. 

6. Sparganiaceae (Burreed Family) 

Sparganitjm acaule (Beeby) Rydb. E.C. 

Muddy shores and shallow water, Penny Lake, 1932. 
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12. I’oN'i'KDKHtAf :ka k (Piokerelweed Family) 


PoNTKDKKlA CORBATA L. E.( 5. 

Black Lake near its outlet, 1022. 

20. Oyi’kkaokak (Sedge Family) 

EIjKOCIIARIS UOSTBlitATA Torr. E.( ! . 

Margin of Twin Lakes, 1023, II. A. Gleason; also shore of Munro 
Lake. 

Rynuhohpora (,’AriLiiAt'EA Torr. 10.(5. 

Sandy shore of Lake Huron southeast of Mackinaw City, 1038. 
Rynouohpora iotkoa (L.) Ait. f. 10.( ’. 

Wet sand, Vincent Lake, 1030. 

31. Boa oka K (Grass Family) 

Bromus tkctokum L. 10.(5. 

Railroad ballast and near-by roads, L. H. Harvey 019, 1027, in 
Harvey, 1010. 

Calamoviufa lonuikoua (Hook.) Hack. 10.(5. 

Dunes along Duncan Bay, L. If. Harvey 427, 1937, in Harvey, 
1040. 

Euymus viboiniciw L. 10.(5. 


Depression in aspens north of 'Bower, 1037, L. II, Harvey 230, 
in Harvey, 1040. 


35. Ikioackah (Iris Family) 

BlSYRINmmiM ANOUHTIKOI.IIIM Mill. 10.(5, 

Shore of Lake Huron east of Duncan Bay, 1030. 

45. (hteiuoAtiMAK (Orchid Family) 

Lysias hook kui ana (A. Gray) Rydb, (Habmaria lumkmana) 10,(5. 
Coniferous woods along Lake Huron oast of Cheboygan, 103!, 
and in Benton Township, 1034. 

104, Euphorbia o bah (Spurge Family) 

Txthtmalopsis corollata (L.) KI. & Garoke (Euphorbia eorol- 
lata L.) K.O. 

Camping place near Penny Lake, 1931. 
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120. Papaveraceae (Poppy Family) 

Pa PAVER RHOEAS L. E.C. 

Roadside south of Indian River, 1930. 

132. Brassicaceae (Mustard Family) 

Arabis holboellii Hornem. E.C. 

Sandy shore of Lake Huron southeast of Mackinaw City, 1934. 
Barbarea stricta Andrz. E.C. 

Shores of Lake Huron northwest of Cheboygan and of Mill Creek, 
1936. 

190. Verbenaceae (Verbena Family) 

Verbena stricta Vent. E.C. 


Roadside near Penny Lake, 1932; Green Star Trail, Inverness 
Township, 1934. 


199. Fabaceae (Bean Family) 

Lathyruh maritimus (L.) Bigel. E.C. 

Although previously credited to Cheboygan County on the basis 
of plants persistent from seeds planted at the Biological Station, 
it grows naturally along Lake Huron north of Pries’ Landing. 
Robxnia pseudoacacia L. E.C. 

Planted behind the Biological Station and freely escaping. 

276. Ammiaceae (Carrot Family) 

CONIUM MACUDATUM L. E.C. 

Roadside along U. S. Highway 23 northwest of Cheboygan, 1930. 

287. ITelianthaceae (Sunflower Family) 

Bidenb frondoba L. E.C. 

Wet sand, north shore of Burt Lake, 1923. 

288. Ambrosiaceae (Ragweed Family) 

Ambrosia trifida L. E.C. 

Colonial Point, 1932; Cheboygan and vicinity. 

293. Asteraceae (Aster Family) 

Solidago gillmani (A. Gray) Steele. E.C. 

Shores of Lake Huron east of Cheboygan, 1938. 
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ROMDACiO HOITGIITONJI T. & Cl. H.( 

Randy beach of Dike Huron at Pries’ Landing, 1931. 

Komdaoo omoKNSis Riddell E.C. 

Randy beach of Lake Huron at Pries' Landing, 1931. 

200. Antiikmidaoka k 

Tanaoktijm mmoNKNSK Nutt. E.C. 

Sandy beach of Lake Huron cast of Cheboygan, 1001. 

208. Caudtjaokab (Thistle Family) 

Oaudthjs crisp us I,. E.C. 

Roadside north of Douglas Lake, 1038. 


Verifications of Emmet County Reuoudh »v Fam.ahh 
a no Swift 

In the, list published by the authors in 1025 some of the records 
for Emmet County (indicated by “ 10*”) were based solely on an un¬ 
published list, of Emmet County plant s by Kalians and Swift,. I hiring 
the years subsequent to the appearance of “Additions I" and “Ad¬ 
ditions II” the presence of the following species in Emmet County 
has been verified by collections by our own. 


Phylum CALAMOPHYTA 

2. Equihktaohaw (Horsetail Family) 

EqUIHKTUM PAJUJHTttW L. K.C. 

Crooked River at Alanson, 1034. 


Phylum AKTHOPHYTA 

6. Sparganiacbab (Hurrecd Family) 

Sparganium burycarpum Engelm. E.C. 

Crooked River at Alanson, 1932. 

Sparganium minimum Fries. E.C. 

Shallow water, French Farm Lake, 1035. 
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9. Potamogbtonaceae (Pondweed Family) 
POTAMOCJKTON PECTINATUS L. E.C. 

French Farm Lake, 1930; Crooked River at Alanson, 1933. 
POTAMOGETON PBRFOLIATUS L. E.C. 

Crooked River at Alanson, 1938. 

30. Cyperaceae (Sedge Family) 

Caeex lupulina Muhl. 

Maple River thickets west of Pellston, 1931. 

Carex tribuloides Wahl. 

West of Pellston, 1931. 

31. Poaceae (Grass Family) 

Agropyron tenerum Vasey E.C. 

Aspens west of Douglas Lake, 1931. 

45. Orchidacbae (Orchid Family) 

IjIparis loesellii (L.) Richards 

Desiccated beach pool, Cecil Bay, 1936. 

Pooonxa ophioglossoides (L.) Ker. 

Desiccated beach pool, Cecil Bay, 1936. 

Spiranthes gracilis (Bigel.) Beck 
Edge of Lower O’Neal Lake, 1934. 

Spiranthes romanzoffiana Cham. (S. stridum) 

Edge of beach pool, Sturgeon Bay dunes, 1930. 

60. Ranunculaceae (Buttercup Family) 

Ranunculus longirostris Godron (Batrachium tricho'phyllum 
(Ohaix) F. Schultz) E.C. 

Sturgeon Bay and Crooked River at Alanson. 

132. Brassicaceae (Mustard Family) 

Brassica nigra (L.) Koch E.C. 

Rye field east of Trail’s End, Cecil Bay, 1936. 

133. Caryophyllaceab (Pink Family) 

Agrostemma githago L. E.C. 

Field west of Pellston. 


E.C. 

E.C. 

E.C. 

E.C. 
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169. Boraginaceae (Borage Family) 

Lithospermum officinale L. E.C. 

Wooded park at Mackinaw City, 1933. 

172. Oleaceae (Olive Family) 

Fraxinus pennstlvanica Marsh. E.C. 

Shore of Wycamp Lake, 1931. 

178. Scrophulariaceae (Figwort Family) 

Mimulus geyeri Torr. E.C. 

Bank of Maple River south of the dam, 1936. 

Mimulus ringens L. E.C. 

Along Carp River at Cecil, 1931. 

185. Lentibulariaceae (Bladderwort Family) 
Utricularia resupinata B. D. Greene E.C. 


Northwest part of West Lake, north of Carp Lake, G. E. Nichols, 


1934. 

192. Rosaceae (Rose Family) 

Geum canadense Jacq. E.C. 

Beech-maple forest west of Pellston, 1931. 

POTENTILLA CANADENSIS L. E.C. 

Aspens west of Pellston, 1931. 

Rubtjs canadensis L. E.C. 

Margin of beech-maple forest, McGulpin Point, 1934. 

237. Vitaceae (Grape Family) 

Parthenocissus quinquefolia (L.) Planch E.C. 

Woods west of Pellston, 1930. 

277: Cornaceae (Dogwood Family) 

Cornus amomum Mill. E.C. 

Sandy ridge at Cecil Bay, 1931. 

278. Rubiaceae (Madder Family) 

Galium circaezans Michx. E.C. 

Woods west of Pellston, 1930. 
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279. Caprifoliaceae (Honeysuckle Family) 

Lonicera glaucescens Rydb. E.C. 

Piny aspens west of Maple River, 1934. 

283. Campanulaceae (Bellwort Family) 

Lobelia siphilitica L. E.C. 

Along Maple River, 1931. 

293. Asteraceae (Aster Family) 

SOLIDAGO ALTISSIMA L. 

Aspens west of Douglas Lake, 1938. 

SOLIDAGO CAESIA L. 

Wooded dunes south of Cross Village, 1930. 

Solidago serotina Ait. 

Aspens west of Douglas Lake, 1938. 

New Records Made by the Senior Author, 1938-45 

Although travel was greatly restricted during most of the years 
after the retirement of Dr. Ehlers, nevertheless a few additions were 
made to the flora of the Douglas Lake region. To keep them sepa¬ 
rate from the work of the joint authorship they are given in the list 
below. 

NEW RECORDS 

Ulmus pumila L. E.C. 

Planted at the Biological Station about 1936; has been dwindling 
for five years. Planted at Oden Fish Hatchery. 

Plantago arbnaria W. & K. E. 

Ballast of Pennsylvania Railroad Lines at Kegomic, 1945. 
F. C. G. 21568. 

Thymus serpyllum L. E. 

Waste area along U. S. Highway 31 north of Conway, 1945. 
F. C. G. 21571. 

Galium wirtgbnii F. Schultz E. 

Waste area along U. S. Highway 31 north of Conway, 1945. 
F. C. G. 21570. (First present about 1941.) 


E.C. 

E.C. 

E.C. 
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ADDITIONS FROM CHEBOYGAN COUNTY 

Agropybon smithii Rydb. E.C. 

Roadside in Hebron Township, 1942. F. G. G. 21431. 

SALIX CANDIDA X DISCOLOR E.C. 

Larix bog north of Mud Lake, 1940. F. C. G. 21157. 

CONFIRMATION OF RECORDS BY FALLASS AND SWIFT 
(Changes from E * to E) 

Epifagus yirginiana (L.) Bart. E.C. 

Beech-maple woods at Bayview, 1942. F. C. G. 21459. 

Aster noyae-angliae L. E.C. 

Bo gg y ground bordering a lake north of Pleasant View, 1941. 
F. C. G 21352. 


TABLE I 
Summary op Phyla 


Phyla 

Emmet 

County 


Total 

gan 

County 

Families 

Genera 

Species 

and 

varieties 

9* Pteridophyta. 

17 

33 

4 

14 

33 

10. Calamophyta. 

11 

13 

1 

1 

14 

11. Lepidophyta... 

7 

9 

2 

2 

10 

13. Strobilophyta. 

12 

12 

2 

8 

12 

14. Anthophyta. 

891 

1053 

115 

435 

1157 

Monocotyledoneae. 

(297) 

(347) 

(19) 

(111) 

(379) 

Dicotyledoneae-Axiflorae .. 

(302) 

(354) 

H3» 


(396) 

Dicotyledoneae-Calyciflorae 

(292) 

(352) 

(46) 

(144) 

(382) 

Totals. 

938 

1120 

124 

400 

1220 


The following families have 25 or more species in the region: 


“Compositae” . 

. 129 

Rosaceae. 

43 

Fabaceae. 

. 28 

Cyperaceae.... 

. 123 

Orchidaceae.... 

38 

Polygonaceae . 

. 27 

Poaceae..._ 

. 112 

Lamiaceae_ 

. 30 

Salicaccae .... 

, 20 

Brassicaceae ... 

. 43 

Ranunculaceae . 

. 29 


The largest genus is Carex, with 91 species. 





























A POSTGLACIAL PLANT SUCCESSION AT ANN 
ARBOR, MICHIGAN, DATING FROM THE 
HIGHEST LAKE MAUMEE LEVEL* 

ETHEL B. HANSEN 
INTRODUCTION 

D URING the oscillating retreat of the last continental ice sheet 
new land areas were constantly being laid bare to the invasion 
of plants. To determine the identity of these pioneers and the 
plant successions that developed in the denuded areas is of im¬ 
portance, for it serves not only to unite the present vegetation with 
that of the past, but also to facilitate the interpretation of relict 
communities and postglacial climates. 

An early postglacial deposit located in the roadside bank along 
Plymouth Road about one-quarter mile northeast of Calvary Evan¬ 
gelical Church (formerly known as Broadway Chapel), Ann Arbor, 
Michigan (Fig. 1), offered an opportunity for such an investigation. 
Although many of the fossils were poorly preserved and fragmen¬ 
tary, they provided the basis for a reconstruction of the biota in 
the Aim Arbor area as well as for a study of the development of the 
vegetation after the fall in level of the highest glacial Lake Maumee. 

ACKNOWLEDGMENTS 

For kindly criticism I am indebted to Professor H. H. Bartlett, 
who found the deposit and directed me in the conduct of the in¬ 
vestigation. I wish to thank those who made the following identi¬ 
fications: the fossil Mollusca, by Mr. Calvin Goodrich; the deer 
antler, by Dr. Lee R. Dice; the snail eggs and the surface Mol¬ 
lusca, by Dr. A. F. Archer; the moss, by Dr. W. C. Steere; the algae, 
by Dr. G. W. Prescott. To Dr. Gladys F. West I am grateful for 

* Papers from the Department of Botany of the University of Michigan, 
No. 515. 
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assistance in making the collections. But above everyone else I 
am under obligation to the late Dr. Frank Leverett, who inter¬ 
preted the glacial geology of the region and wrote a detailed memoran¬ 
dum, illustrated by a map, on the position of the ice border. 

GEOLOGICAL HISTORY 

During the waning stage of the last or Wisconsin ice sheet the 
ice margin was formed into prominent lobes occupying the basins 
of the Great Lakes. This lobation was favored by the fact that the 
ice was thinner on the highlands and disappeared from them faster 
than in the basins of the Great Lakes between them. 

Three large lobes of the Wisconsin ice sheet, the Huron-Erie, 
the Saginaw, and the Michigan, encroached upon the Southern 
Peninsula of Michigan. As the ice sheet halted in the northward 
retreat of its border, moraines were formed. These were arranged in 
loops adjacent to and lying concentrically with the borders of the 
lobes. The Huron-Erie and the Saginaw were the only lobes which 
touched the Ann Arbor quadrangle. As the Saginaw lobe of the 
glacier withdrew from the northwestern part of this quadrangle, it 
exposed part of'the interlobate moraine formed between the Saginaw 
and the Huron-Erie lobes. On the Huron-Erie ice border were 
formed in succession the Fort Wayne moraine and the outer ridge 
of the Defiance moraine. Drainage was then down the Huron 
River and along the ice front to the Raisin River and southward 
into a pre-Defiance bay of glacial Lake Maumee at Tecumseh, 
Michigan. An outwash apron, on which the University of Michigan 
campus now stands, and the gravel deposits east of the Huron River 
in the north part of Ann Arbor were laid down at this time. As 
the Huron-Erie lobe shrank to the inner ridge of the Defiance 
moraine, the Huron and Raisin rivers continued to discharge into 
glacial Lake Maumee (Russell and Leverett, 1915). 

After this period the ice border shrank eastward far enough to 
permit the extension of Lake Maumee to Ypsilanti and along a 
narrow bay or estuary up the Huron River Valley to Ann Arbor 
(Fig. 1). The backwaters of the highest stage of glacial Lake Maumee 
filled the Huron River Valley in the Ann Arbor area as far as the 
800-foot contour line and thus formed an estuary extending over 
I what is now the lowland along the Ann Arbor railroad in the northern 
part of the city. While it was flowing into the end of the estuary, 



LEGEND 

♦MAUMEE DEPOSIT ^DELTAS OF HIGHEST (A) AND MIDDLE (B) MAUMEE GLACIAL LAKES 

SCALE IN MILES 



CONTOUR INTERVAL 20 FEET 


Fig. 1 . Map of Ann Arbor, showing location of the Maumee deposit near the railroad and of the deltas of the 
highest and the'middle Maumee glacial lakes 




















A Postglacial Plant Succession at Ann Arbor 49 

the Huron River built a delta of the highest glacial Lake Ma um ee 
(4 in Fig. 1). 

Eventually, as the ice melted further, Lake Maumee found a 
lower outlet than that through Fort Wayne, which led across the 
“Thumb” of Michigan (Leverett and Taylor, 1915). The level 
of the estuary was lowered sufficiently to allow the lime-laden waters 
of the springs to seep down the gravel bank of the old Huron River 
into the bordering lower land at the site of the deposit and form 
a layer of tufa about two feet thick upon the Lake Maumee clay 
surface, at an elevation of 788 feet. There followed a succession 
of alternating layers of peat and tufa which built up the terrace 
bench, from 788 feet to 797| feet, in which the fossil remains were 
preserved (Pis. I-II). 

Dr. Leverett was greatly interested in the deposit described in 
this paper and personally prepared the map which is reproduced as 
Figure 2. A memorandum by him which accompanied the map is 
here repeated almost verbatim. The position of the ice border 
during the time the tufa deposit was being developed has been 
worked out not only in the southeastern part of Michigan, but also 
in the adjoining part of Ontario. The Birmingham moraine marks 
the position on the west side of the Huron ice lobe from Imlay City 
southward past Romeo, Rochester, and Birmingham. Between Bir¬ 
mingham and Detroit there is an interlobate moraine formed as 
the joint product of the Huron and the Erie ice lobes. This is 
called the Detroit Interlobate, and it has been traced by W. H. 
Sherzer across the Ontario Peninsula from Windsor, Ontario, to 
the north bluff of Lake Erie near Leamington in a southeastward 
course; the Huron lobe stood on its northeastern side while the 
Erie lobe stood on the southwestern side. The Huron lobe covered 
about thirty miles of the north bluff of Lake Erie east of Leamington, 
Ontario, as determined by Leverett, and forced the Lake Erie lobe 
to stay within the limits of the Erie bluff. A moraine forming the 
east border of the Huron lobe starts at the Lake Erie shore at Cedar 
Springs in Kent County and runs northward past Ridgetown and 
Highgate, and is traceable in that course through Middlesex County 
past Mt. Brydges. This correlates closely with the Birmingham 
moraine of southeastern Michigan. It is a matter of note that the 
Huron lobe formed a definite easily mappable moraine all around its 
border. In this respect it is decidedly in contrast with the Erie lobe. 



























Fig. 3. Diagram showing strata of tufa and peat in Maumee terrace at Ann lor, Michigan, as disclosed in trench and postholes A, B, C, D, and E 
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The Erie lobe is represented in Wayne and Moni'oc counties in 
Michigan by bouldery strips in a featureless plain. These are not 
continuous, but are found in patches and short strips, as indicated 
by Sherzer in his maps of Wayne and Monroe counties. The outer 
boulder belt is called the Rawsonville moraine, since it is developed 
in the vicinity of that hamlet. The inner bolt is called the Scofield 
moraine, from a small village situated on it in northern Monroe 
County (Fig. 2). 

DETAILED DESCRIPTION OP THE DEPOSIT 

The site of the tufa and peat deposit is shown in Plates I and It. 
It was exposed during the excavating for widening what is known as 
the Plymouth Road. The fresh exposure showed a series of highly 
irregular layers and lenses of peat interlarded with much more 
calcareous tufa than peat, the whole resting upon an impervious 
layer of Maumee Lake clay which formed a definite spring level. 
At the top of the sloping road cut is a railroad, and beyond the 
railroad the gently sloped surface of the terrace extends for one 
hundred and fifty feet from the edge of the road. Since higher levels 
on the same slope showed only gravel, it is obvious that the peat 
and tufa had been formed on the spring-fed sloping seepage surface 
inclined toward the level of the Plymouth Road. A thorough investi¬ 
gation of the deposit required digging a trench (PI. V, Fig. 2) into 
the bank at a right angle to the road as far as possible without under¬ 
mining the railroad right of way, the edge of which is marked by the 
line of fence posts shown in Plate I. On the other side of the railroad 
the deposit was explored by digging a series of postholes in lino with 
the trench. The trench and postholes enabled tlu*. course of the more 
or less continuous strata to be followed. They were undulating 
and only slightly inclined up the slope, and their positions were 
determined by measurement and plotted to provide the basis for 
Figure 3. The figure is more useful than any number of photographs 
of the side walls of the trench would have been, because the trench 
was so narrow that photographs would have been too oblique and 
distorted. 

In general, the sloped surface of the road bank did not indicate 
any intelligible trend of the layers. This was, of course, because 
the original Maumee Lake clay surface, upon which the organic 
deposits had been formed, had itself been hummocky and irregular. 
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TABLE I 


Samples, prom Bottom to Top, at Middle op Trench in Which 
Fossil Seeds and Mollusca Were Found 


Sample 

No. 

Depth 

Layer shown in 
Figure 3 

Embedding material 

From 

To 

ft. 

in. 

ft. 

in. 

19 


• • 




Surface 

18 

HI 

4 

i 

4 

7c and 6e 

Tufa and peat 

17 

1 

4 

l 

■El 

7c 

6 in. tufa 


1 

10 

2 

1 

7c 

Coarse tufa, no peat 

15 

2 

1 

2 

6 

7c and 6d 

5 in. peat, some tufa 

14 

2 

6 

2 

10 

6c and 7c 

4 in. tufa, some peat 

13 

2 

10 

3 

2 

7b and 6c 

4 in. tufa, some peat 

12 

3 

2 

3 

7 

7b and peat lens 

5 in. tufa, some peat 

11 

3 

7 

3 

11 

7b 

4 in. coarse tufa 

10 

3 

11 

4 

2 

7a and 6b 

3 in. coarse tufa, some peat 

9 

4 

2 

4 

6 

7a 

4 in. coarse tufa 

8 

4 

6 

5 

0 

7a 

6 in. coarse tufa 

7 

5 

0 

5 

5 

7a 

5 in. coarse tufa 

6 

5 

5 

6 

0 

6a and 7a 

7 in. peat and tufa 

5 

6 

HI 

6 

3 

4 

3 in. variegated peat 

4 

6 

3 

6 

6 

4 

3 in. variegated peat 

3 

6 

6 

6 

11 

4 

5 in. variegated peat 

2 

6 

11 

7 

3 

4 

4 in. peat 

1 

7 

3 

9 

m 

2 and 3 

Blue clay and coarse tufa 


A number of photographs of the freshly beveled bank (Pis. I—II) 
show the highly irregular nature of the bedding when the deposit 
was sliced off along a quite precise inclined plane. 

The vertical cut, which was carried back into the bank as the 
end face of the trench, was photographed when the trench was only 
begun. It is very informative, indeed, and is shown in Plates III 
and IY. The stratification was much clearer, and the chief layers 
were numbered in the hope that some of them could be traced 
continuously into the bank as the trench was extended (Pl. V, 
Fig. 2). Figure 3 shows the result of tracing the layers in the lateral 
wall of the trench and through the postholes. 

The correlation of the layers in the trench and postholes was 
clearly indicated by their texture and color. The posthole highest 
up the slope was at an elevation of 808 feet 4 inches. At this point 
the Maumee clay base of the deposit was 4 feet below the ground 
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TABLE II 


Vertical Distribution of Fossil Seeds, Spores, Leaves, and Wood 
Abbreviations: 1, leaves; o, spores; s, seeds; t, triclioblast; w, wood 


Number of sample in deposit 
(see Table I) 

1 

2 

3 

4 

5 

6 

7 

8 

9 


11 

12 

13 

14 

15 

i 

17 

18 

Fungi . 


o 

o 








0 

0 

0 

0 

0 

0 



Sphagnum. 


o 

o 

1 

1 

1 

1 

1 











Musei... 




0 

0 


o 




0 

0 



0 



0 

Amhlystegium sp. T 


















1 

Polypodiaceae. 


0 

1 


0 

0 

0 

0 



0 

' ’ 

0 

0 

•o 

o 

0 

0 

0 

Pteris aquilina L. 



m 








o 

0 






0 

Pinus Strobus L. 














w 


w 



Larix laricina (DuEoi) Koch 



















(stem). 


w 

w 

w 

w 



w 



w 

w 


w 

w 

w 



Larix laricina (DuRoi) Koch 



















(root).* „ 




w 

w 






w 



w 

. 




Picea canadensis (Mill.) BSP. .. 


w 


w 







w 




s 




Picea mariana (Mill,) BSP. 


w 

w 

w 



w 

w 



w 



w 

w 

w 



Abies halsamea (L.) Mill. 


w 


w 















Scirpns sp. 


a 

















Oar ex retrorsa Schwein. 


M 
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surface, at an elevation of 804 feet 4 inches. For 106 feet from the 
edge of the road the depth of the Maumee Lake clay varied slightly, 
but rose sharply in the remaining 44 feet up the original hill slope 
(PL V, Fig. 1). 

The calcareous tufa layers above the lowest were vaguely but 
very discontinuously marbled or stratified, having more or less dis¬ 
coloration dependent upon the peat content. It was impossible to 
show this condition in Figure 3, because of the small size, the irregu¬ 
larity, and the variability of the minor peaty tufa lenses. 

PLANT REMAINS FOUND IN THE DEPOSIT 

Although specific identification of the fossils was highly desirable, 
it was often impossible because of their fragmentary or distorted 
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condition. The snail eggs found in the deposit, together with the 
shells and a deer antler, were identified to the species. Some of 
the pollen, most of the seeds, and all the woods were identified to the 
species. The remainder of the pollen was identified to the genus or 
(in one group) to the family (Betulaceae). Although this family was 
treated as a unit in the pollen percentage counts, the component 
genera received consideration in the discussion. 

The amount and kind of fossil evidence often differed for each 
plant; for example, the water lily was represented by internal tri- 
chomes (trichoblasts); Sphagnum, by spores and leaves; the bracken 
fern, Pteris aquilina, by sporangia; the bramble, Rubus, by pollen 
and seeds; the willow, Salix, by pollen; the tamarack, Larix laricina, 
by pollen and wood, and the white pine, Pinus Strobus, by wood 
(Tables I—II). The ecological significance of the fossils was of para¬ 
mount importance in this investigation (Cain, 1944). 


CLASSIFICATION OF THE PLANT FOSSILS 
Thallophyta 

FUNGI 

Spores. 

Bkyophyta 

SPHAGNACEAE 

Sphagnum sp. 

Spores and leaf fragments. Common in bogs. 

AMBLYSTEGIACEAE 

Amblystegium sp. 

Portion of leaf of this moss. 

Pteeidophyta 

POLYPODIACEAE 

Pteris aquilina L. (Bracken fern) 

Spores and sporangia. This fern is common in thickets and on 
hillsides; invades burnt-over forests of Michigan. 
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Spermatophyta 

PINACEAE 

Pirns Strobus L. (White pine) 

(Plato VI, Fig. 1) 

Safely, 1867; Penhallow, 1896, 1899; Hollick, 1906; West, 1948. 

Pollen and wood. Formerly dominant as far south as Van 
Buren County, Michigan; a few relict trees are found at Howell, 
Michigan, about twenty-five miles north of Ann Arbor. 

Pinus Banksiana Lamb. (Northern scrub pine) 

Pollen. The characteristic tree of the sand plains in the northern 
part of the Southern Peninsula; absent from Washtenaw County. 

Larix laricina (DuRoi) Koch (Tamarack) 

(Plate VI, Fig. 2) 

Safely, 1867; Dawson and Penhallow, 1890; Keyes, 1893; MacBrido, 1896; 
Penhallow, 1896, 1899, 1904; Calvin, 1898; Coleman, 1899; Tarr, 1904; 
Baker, 1920; Cooper and Foot, 1932; Brown, 1938; West, 1948. 

Pollen and wood. This tree is abundant in swampy areas and 
bogs in Michigan. 

Picea sp. (Spruce) 

Pollen. 

Picea canadensis (Mill.) BSP. (White spruce) 

Safely, 1867; Baker, 1920; Cooper and Foot, 1932; Wilson, 1932; Hanson, 
1935; Brown, 1938. 

Seed and wood. A dominant tree of the Picea-Abics association 
in the northern part of the Northern Peninsula; infrequent in bogs. 
Extends along the Lake Huron shore from Bay City to Mackinaw 
City, Michigan. 

Picea mariana (Mill.) BSP. (Black spruce) 

(Plate VII, Fig. 1) 

Safely, 1867; Green, 1870; Bain, 1895; Coleman, 1899; Baker, 1920; Cooper 
and Foot, 1932; Wilson, 1932. 

Pollen and wood. Abundant in tamarack and cedar bogs, and 
may be found as a rare relict in the vicinity of Ann Arbor. 
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Abies balsamea (L.) Mill (Balsam fir) 

(Plate VII, Fig. 2) 

Coleman, 1895; Baker, 1920. 

Pollen and wood. Balsam fir is one of the dominants of the 
climax forest in Isle Royale. Port Austin in Huron County is its 
southern limit in Michigan. 

Tsuga canadensis (L.) Carr. (Hemlock) 

West, 1948. 

Pollen. One of the dominants of beech-maple forests in the 
northern part of the Southern Peninsula of Michigan. Extends as 
far south as Port Huron on the eastern side. 


Thuja occidentalis L. (Arbor vitae) 

Dawson and Penhallow, 1890; Baker, 1920; Brown, 1938; West, 1948. 

Pollen. Dominant tree in cedar bogs of Michigan. Extends as 
far south as St. Clair County (Gates and Ehlers, 1924), and to the 
Waterloo area of Washtenaw and Jackson counties, where it is a 
rare relict. 

TYPHACEAE 

Typha sp . (Cattail) 

West, 1948. 

Pollen. Common in edges of bogs and ditches. 

NAJADACEAE 

Potamogeion sp . (Pondweed) 

Pollen. Three species frequently found in ponds and quiet 
streams. 

CYPERACEAE 

Eleocharis sp. (Spike rush) 

West, 1948. 

Pollen. Pour species common in shallow water. 
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Scirpus sp. (Bulrush) 

(Plate VIII, Fig. 1) 

Brown, 1938. 

Pollen and achene. Four species abundant and sometimes 
dominant in aquatic associations. 

Carex sp. 

Dawson and Penhallow, 1890; Penhallow, 1900; Berry, 1924, 1933; Brown, 
1938; West, 1948. 

Pollen. Fifty species found in different habitats in Washtenaw 
County. 

Carex retrorsa Schwein. (Sedge) 

(Plate VIII, Fig. 2) 

West, 1948. 

Achene. One of the commonest sedges in Michigan. 

GBAMINEAE 

Pollen. 

SALICACEAE 

Salix sp. (Willow) 

Brown, 1938; West, 1948. 

More than one species seems to be present. Seven species common 
in county. 

Populus sp. (Poplar) 

Pollen. Three species frequently found in this area. 

JUGLANDACEAE 

Juglans sp. (Walnut) 

Brown, 1938. 

Pollen. 

Carya sp. (Hickory) 

Brown, 1938; West, 1948. 

Pollen. Four species common in the oak-hickory forest of south¬ 
ern Michigan. 
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BETTJLACEAE 

Corylus sp. (Hazelnut) 

Betula sp. (Birch) 

Alnus sp. (Alder) 

Pollen. 

PAGACEAE 

Fagus sp. (Beech) 

Hollick, 1906; Berry, 1907, 1914, 1926, 1933; Emerson, .1917; Baker, 1920; 
West, 1948. 

Pollen. Fagus grandifolia is a dominant in the beech-maple 
forest of the northern two thirds of Michigan; common on rich soil. 


West, 1948. 
Pollen. 


Quercus sp. (Oak) 
At least six species very common. 


Quercus alba L. (White oak) 

(Plate IX, Fig. 2) 

Penhallow, 1904; Berry, 1907, 1912; Emerson, 1917. 

Pollen and wood. Common in oak-hickory forests of Wash¬ 
tenaw County. 

URTICACEAE 

Ulmus sp. (Elm) 

Penhallow, 1896, 1899, 1907; Brown, 1938. 

Pollen. Two species found along rivers. 


NYMPHAEACEAE 

Trichoblasts. 

ROSACEAE 

Rubus idaeus var. aculeatissimus 
[C. A. Mey.] Hegel & Tiling (?) (Wild red raspberry) 
(Plate VIII, Fig. 3) 

Berry, 1907, 1914, 1924, 1926, 1933; Brown, 1938; West, 1948. 

Seeds. Occurs in the northern part of the Southern Peninsula 
in burnt-over beech-maple land and in other associations; common 
in dry soil. 
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Rubus occidentalis L. (?) (Black raspberry) 

(Plato VIII, Fig. 5) 

Seeds. Frequent in woods and along fence rows in the vicinity of 
Ann Arbor. 


Rubus allegheniensis Porter (?) (Blackberry) 

(Plate VIII, Fig. 4) 

West, 1948. 

Seed. Dominant in bramble association, especially on sandy 
soil in the northern part of the Southern Peninsula; infrequent in 
present flora of Washtenaw County. 


Brown, 1938. 


Prunus sp. 


Pollen. Two species common in county. 


RUTACEAE 

Zanthoxylum americanum Mill. (Prickly ash) 

(Plate VIII, Fig. 9) 

West, 1948. 

Seed. Found in rocky woods and along river banks in Washtenaw 
County. 


ACERACEAE 

Acer sp. (Maple) 

Dawson and Penhallow, 1890, Emerson, 1917; West, 1948. 

Pollen. More than one species seems to be present. Seven 
species are found in present flora. 

VITACEAE 

Vitis vulpina L. (River-bank grape) 

(Plate VIII, Fig. 8) 

Brown, 1938; West, 1948. 

Charred seed. This grape grows along stream banks or near 
water; infrequent in Washtenaw County. 
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TILIACEAE 

Tilia sp. (Basswood) 
Penhallow, 1899, 1907; West, 1948. 

Pollen. Common in rich woods. 


ONAGRACEAE 

Epilobium sp. (Fireweed) 

Pollen. Probably E. angustifolium , which invades clearings and 
newly burned ground; frequent. 


OLEACEAE 

Fraxinus sp. (Ash) 

Penhallow, 1899, 1900; Brown, 1938. 

Pollen. 

Fraxinus nigra Marsh. (Black ash) 

(Plate IX, Fig. 1) 

Penhallow, 1899; West, 1935, 1948. 

Wood, probably "pollen. Infrequent in this locality; common 
in swamps and river bottoms in northern Michigan. 


CAPRIFOLIACEAE 

Sambucus canadensis L. (Common elder) 
(Plate VIII, Fig. 7) 

, Berry, 1924, 1933; Brown, 1938; West, 1948. 

Seeds. Common in rich soil, open places. 


West, 1948. 
Seeds. 


Sambucus racemosa L. (Red-berried elder) 
(Plate VIII, Fig. 6) 

Infrequent in this locality. 


COMPOSITAE 

Ambrosia sp . (Ragweed) 


Pollen. 
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Erechtites sp. (Fireweed) 

Pollen. May represent E. hieracifolia, which comes in after 
bums. Frequent in woods. 

MOLLUSCA OF THE DEPOSIT 

The tufa and likewise the peat contain a vast number of mollusks 
which were identified by Mr. Calvin Goodrich, emeritus curator of 
Mollusca in the Museum of Zoology, University of Michigan. 

The mollusks were picked out of the embedding matrix of nine¬ 
teen samples (Table I) taken from the middle of the trench shown 
in Figure 3. They afford an interesting record of vertical distribution 
(Table III). 

TABLE III 
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Number of sample from 
deposit (see Table I) 
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Ninety per cent of the Mollusca of the deposit proved to be ter¬ 
restrial, and this is true even of the lowest layer. All the species 
are living, and none shows any significant deviation from the living 
representatives. 

The few fresh-water species (pulmonates, with the exception of the 
ctenobranchiate Pomatiopsis lapidaria) are such as might occur in 
very shallow water, as at the edge of the deposit in its initial stages 
or in pools among the hummocks of the irregular surface later on. 

The great numbers of specimens of Carychium indicate a con¬ 
tinuously wet situation, as does Strobilops to a lesser degree. A 
common habitat for Vertigo in the Ann Arbor region today is the 
steep banks of ravines, where seepage permits a thick growth of 
mosses. 
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The following land species are 


Carychium exiguum (Say) 
Carychium exile (Lea) 
Eelicodiscus parallelus (Say) 
Polygyra monodon (Rackett) 
Strobilops labyrinthica (Say) 


typical in peat bogs: 

Succinea avara (Say) 
Succinea return (Lea) 
Vertigo spp. 

Vitrea hammonis (Strom) 
Vitrea indentata (Say) 


The Mollusca collected at the very surface make a long list, and 
all but the following are also found buried in the deposit: 

Anguispira solitaria (Say) Polygyra fraterna (Say) 

Polygyra albolabris (Say) Polygyra inflecta (Say) 

Strobilops affirm (Pilsbry) 


These species may have existed a hundred years ago, when the 
forest was cleared. Only one of those on top of the deposit was found 
alive, namely, Anguispira alternata (Say). The surface (i.e. Recent) 
shells were identified by Dr. Allen Archer and are recorded in 
Column 19 of Table III. 

In addition to the species listed from the trench, the postholes 
and other places yielded records of the following species, which wefe 
not definitely placed in the vertical sequence: 

Euconulus fulvus (Muller) Retinella electrina (Gould) 

Lymnaea sp., probably L. Valvata tricarinata (Say) 

pahistris (Mtiller) Vitrea indentata (Say) 

Polygyra hirsuta (Say) Zonitoides ligerus (Say) 

Zonitoides milium (Morse) 


INTERPRETATION OE THE DEPOSIT 

Silt sinking from glacial waters to the bottom of the estuary 
formed an impervious layer of clay. By the opening of a lower outlet 
farther to the northeast, across the “ Thumb” of Michigan, the level of 
glacial Lake Maumee was lowered and likewise the level of the estuary. 

The rainfall of the adjoining upland collected in this part of the 
gravel catchment basin of the Huron River and flowed from the 
spring level of this bank and over the impervious Lake Maumee clay 
as the level of the estuary was lowered. 

The plants growing in these spring waters all the way down the 
slope afforded a suitable substratum for lime-depositing organisms, 
which covered them with a layer of lime. As the vegetation decayed, 
cavities were left which gave to the tufa its characteristic porous 
texture. It was probably in this manner that the calcareous layers 
of the terrace were formed (Pis. II-III). Even at the present time 
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tufa is still being formed at the site of the deposit. A small rill 
of spring water, which flows along the roadside bank, is choked 
throughout most of its course by dense mats of Chara (probably 
C. vulgaris ). The large number of land shells (90 per cent) found 
in the deposit gave additional evidence that most of it was formed 
in seepage water of little depth. 

Considerable time probably elapsed before about two feet of 
basal tufa was formed on the glacial lake clay (Fig. 3, Stratum 3). 
As the climate became drier, the ground water level was lowered, 
and many of the springs ceased to flow and produce tufa. Conditions 
thus became favorable for the growth of bog plants which, during 
an unknown interval of time, built up a layer of peat on the tufa. 
It is possible that each layer of tufa was formed during periods of 
increased moisture, which would augment the volume of water flow¬ 
ing from the lime-charged springs, while, on the other hand, each con¬ 
tinuous layer of peat may represent a period of decreased moisture, 
with conditions favorable for the growth of abog flora (Clements, 1916). 

An examination of the lowest tufa (Fig. 3) gave no evidence of 
the first pioneers on the land surface recently exposed by the melt¬ 
ing glacier, but a thin gray lens of peat included within the tufa 
contained the pollen of alder, birch, willow, hemlock, spruce, and 
pine. The significance of this group of pioneer trees may be clarified 
by the reports of scientists who have studied the development of 
vegetation in Alaska. Raymond Taylor (1932) states that at Glacier 
Bay, Alaska, “Pure stands of spruce . . . seem to be sub-climax 
and are characterized ... by a sterile sandy soil covered by a 
mull composed of the debris of alder, willow, and poplar.” It is 
altogether possible that these deciduous trees may have played a 
similar r61e in preparing the soil for the spruce seedlings in this 
early postglacial forest. By the use of permanent quadrats Cooper 
(1939) has studied vegetational development at Glacier Bay, Alaska. 
He found that the pioneer community consisted of mosses, Epi- 
lobium, Equisetum, Dryas, and prostrate willows. The next stage 
was the willow-alder thicket, and the final and climax stage had 
as dominants the Sitka spruce, Picea sitchensis , and two hemlocks, 
Tsuga heterophylla and T. Mertensiana. Baxter and Wadsworth 
(1939), in a study of transects on bars of the lower Yukon River at 
Koyukuk, Alaska, found that the order of succession was willow, 
poplar, alder, birch, and spruce. It is likely that willows were the 
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first trees to advance into this region and that they were followed 
by alder, birch, spruce, hemlock, and pine (Table IV). 

TABLE IV 

PROBABLE OliDER OF PLANT SUCCESSION AT ANN A KB OR, MICHIGAN, 
AFTER RlOTUEAT OF TIIE WISCONSIN GLACIER (MOST RECENT 

Plants at Top) 

(Groups arranged systematically) 

Corylus, Prunus, Vitis vulpina , Ambrosia 

t 

Pinus Sirobus, Juglans, Quercus alba, Zanthoxylum 
americanum, Fraxinus nigra 

Fagus, TJlmus, Acer, Tilia, Fraxinus, Sambucus racemosa 

Pteris aquilina , Rubus occidentalism ), Epiiobium, 

Sambucus canadensis, Erechtites 

FIRE 


Carya, j^uercus 

Gramineae, Rubus idaeus var. aculeatissimus (?), 
R . allegheniensis (?) 

FIRE (?) 


Sphagnum, Pinus Banksiana, Larix laricina, Picea canadensis , 
P. mariana, Abies balsamea, Tsuga canadensis , Thuja 
occidentals, Typha, Eleocharis, Scirpus, 

Carex retrorsa, Nymphaeaceae 

Picea 

i 

Betuia 

i 

Alnus 

i 

Salix 

i 
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The layer of peat that lies just above the basal tufa (Fig. 3, 
lower part of layer 4) contained pollen, spores, seeds, wood (Fig. 4), 
and shells. From the identified fossils it may be inferred that a 
bog, with its characteristic zones of plant life, occupied the margin 
of the estuary. There were water lilies floating in the water. Sedges, 
including Carex retrorsa , together with a spikerush, Eleocharis, cat¬ 
tails, Typha, and a bulrush, Scirpus, grew in shallower water behind 
the lilies. Sphagnum formed tufts among the sedges. Tamarack, 
Larix laricina, and the black spruce, Picea mariana , were dominant 
trees of the bog, which also supported the balsam fir, Abies balsamea, 



Fig. 4. Coniferous wood from variegated peat layer (Fig. 3, Stratum 4), 
Maumee deposit. The rule is one foot long 


the white spruce, Picea canadensis , and arbor vitae, Thuja occiden¬ 
talism On well-leached gravel or sandy ridges grew the northern 
scrub pine, Pinus Banksiana. There were clumps of hemlock, 
Tsuga canadensis, on lower ground, and along the watercourses 
were willows and alders. Birds may have dropped near the bog the 
seeds of the red raspberry, Rubus idaeus var. aculeatissimus (?), 
and the blackberry, 22. allegheniensis (?) growing on the border of 
the approaching oak-hickory forest (Figs. 5-6, 95 in.). 

Thus in the peat layer upon the basal tufa was preserved evidence 
not only of the presence of a bog with its characteristic zones of 
plant life, but also of the northern coniferous forest with its pioneers, 
and a vanguard of shrubs heralding the approach of the deciduous 
forest. 
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Fig. 5. Pollen diagram of Maumee terrace, indicating the development of 
vegetation at the site of Ann Arbor, Michigan, after the retreat of the 
Wisconsin glacier 
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Fig. 6. Pollen diagram of Maumee terrace, indi¬ 
cating the development of vegetation at the 
site of Ann Arbor, Michigan, after the retreat 
of the Wisconsin glacier 
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The ice front, which had receded to a line east of Ypsilanti, was 
over twelve miles distant when the northern conifers entered and 
later reached their maximum development at Ann Arbor. It is 
probable, therefore, that zones of both tundra and scrub sepa¬ 
rated the northern coniferous forest from the margin of the ice 
sheet. 

The proximity of the Wisconsin glacier during the period of 
shrinkage and waste would not require one to believe that southern 
Michigan had a boreal climate when the northern conifers occupied 
the region; on the contrary, it is likely that the climate was no 
more rigorous than that of northern Michigan today. 

After the maximum development was attained by the coniferous 
forest (Fig. 5, 95 in.) the pines alone began a gradual increase until 
they became by far the most abundant trees in the area. There 
was a similar decrease in the deciduous trees which had entered the 
region. The increase in pines is believed to have taken place during 
a long dry period of peat formation. Although charred plant ma¬ 
terial was not found in this layer of peat, fires may have occurred 
in the surrounding region. They probably destroyed the seedlings 
of the invading oaks and other hardwoods, and may have provided 
conditions favorable for dominance of the fire-tolerant pines. Studies 
on the effect of fire on longleaf and slash pines in South Carolina 
and Louisiana by Frank Heyward (1939) show that thousands of 
acres of longleaf pine owe their dominance to tolerance of fire which 
destroyed seedlings of the invading hardwoods. A few pollen 
grains of grasses, Gramincae, were present hero and also in the top 
stratum of the deposit. 

After the pines had reached a maximum (Fig. 5, 79 in.) there 
occurred a gradual change in the facies of the formation. The 
deciduous trees, competing successfully with the conifers, increased 
at their expense. Finally, the oaks became dominant (Fig. 5, 
55 in.), with pines ranking next in abundance. Hickory, although 
increasing in percentage, still lagged behind the dominant oak. 
Besides a few elms along the river there were maples and beeches 
growing in well-drained rich soil in the forest. 

Forest fires are known to have occurred in the Pleistocene, and 
there is evidence of them in this area in the form of charcoal frag¬ 
ments and a charred seed found in the deposit. Coleman (1895) 
wrote: “It appears that forest fires raged in Ontario then as now, 
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for fragments of charcoal or chips charred on one edge are not infre¬ 
quently found mixed with quite uncarbonized woody material:” 

While the oaks were dominant, a fire swept the country, as is 
indicated by charcoal found 55 inches below the surface. Whether 
the fire was local or general in extent cannot be ascertained. How¬ 
ever, charcoal fragments were present from a depth of 55 inches 
all the way to the top of the deposit, which indicates not one but 
probably several fires. The low pollen count, from 55 to 27 inches 
(Figs. 5-6), and also the total absence of Sphagnum leaves and in 
their place black structureless microscopic remains seem to indicate 
that the fire was general in extent. It damaged not only the bog, 
but also much of the vegetation of the surrounding region; only a 
few trees were left to reseed the soil. 

After the fire a burn subsere consisting of the usual stages of an¬ 
nual and perennial herbs, shrubs, and trees was inaugurated in the 
area now freed of competition by the subclimax species (Clements, 
1920). Fungi were abundant in the bog after the fire. This inference 
is based not only on the large percentage of spores present but 
also on observations made after a severe fire which occurred in 
1931 in Mud Lake bog about twelve miles from Ann Arbor. Quan¬ 
tities of fungi, some of them undescribed species, appeared in this 
bog soon after the burn. The numerous fungi, including rusts, which 
continued to occur in the spore counts during this period (Fig. 5, 55- 
27 in.), may indicate the presence of rusts on the fireweeds, willows, 
and poplars, which are sometimes heavily infected with them. 

The fire indicator, bracken fern, Pteris aquilina, probably formed 
extensive societies over the burn-scarred region. Among the plants 
which quickly invaded after the burn and became widespread be¬ 
cause of their easily disseminated seeds were the fireweeds, Epilo- 
bium and Erechtites. Sometime later Rubus idaeus var. aculeatis - 
simus( ?) and R. allegheniensis (?) became abundant. The former 
is now dominant in burnt-over beech-maple land in the northern 
part of the Southern Peninsula of Michigan. 

The presence of alder, hazel, and birch in large numbers may 
account for the marked increase in the pollen of Betulaceae after 
the fire. It may be surmised that the fire indicators, paper birch, 
Betula alba var. papyrifera, and the American aspen, Populus tre - 
muloideSj came in after the bum, although no fossil evidence of 
these species was found. 
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Meanwhile, in this region now characterized by fire indicators 
the pollen counts suggest that the oaks and the conifers at first de¬ 
creased and then remained stationary while the elm, beech, ash, 
maple, and birches increased in varying amounts. Tt is likely that 
during this period there were many ground fires that prolonged 
favorable conditions not only for the fire indicators, but also for the 
continuance of an oak-hickory subclimax (Weaver and Clements, 
1929). The lessening amount of hickory and beech that is indi¬ 
cated by pollen throughout the period may have resulted from 
ground fires. Moreover, general observations both in Michigan 
and elsewhere have shown that these trees suffer severely from 
light ground fires that readily scar the base of the trees and leave 
them open to attack by fungi. 

Finally, after a steady gain, maple, oak, and elm probably be¬ 
came dominants in their respective habitats (Figs. 5-6, 27 in.). 
The walnut, Juglans, was a recent invader in the woods. The oaks 
and hickories occupied dry hills and lighter soils. In still drier up¬ 
land situations the white pine, Pinus Strobus, doubtless formed 
pure stands, and the scrub pine occupied well-leached sandy hills. 
Arbor vitae and hemlock were also present, and in the shrub layer 
grew the common elder, Sambucus canadensis, the red-berried elder, 
S. racemosa, and the black raspberry, Rvhus ocddentalis. The 
Virginia white-tailed deer, Odocoileus virginianus (Fig. 7), roamed 
through the woods. 

There is some evidence that shortly after the maples and oaks 
became abundant in the forest (Fig. 5, 23 in.) another fire occurred, 
which, although not so severe as an earlier one, was more severe 
than the ground fires that swept through the locality at frequent 
intervals. Beech, together with members of the Betulaceae, ap¬ 
pear to have been badly injured. This family decreased very sud¬ 
denly but after the fire regained dominance. In the herbaceous 
layer were fireweeds and the ragweed Ambrosia. 

It is likely that, instead of the normal succession of herbs, shrubs, 
and trees developing in this bum subsere as in the former one, 
there was formed an intricate pattern of dominants. Because of 
the root-sprouting habit of certain shrubs, as well as of birch and 
aspen, and because of the release of seeds from the cones of scrub 
pine and white pine, these were all able to begin development the 
first year about the time the herbs began to appear. Thus the 
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Fig. 7. Normally shed antler of Virginia white-tailed deer, Odocoileus Virginia - 
nus, from Stratum 6d (see Fig. 3) 

dominants of the herbs, shrubs, and trees probably appeared at 
almost the same time, but each dropped out in turn as competition 
with the next higher member became too great (Clements, 1920). 

The final record of fossil vegetation from the Maumee terrace 
may be used to establish the plant communities in their natural 
habitats. In the drier uplands the forests were largely dominated 
by the oak-hickory association (including Quercus alba ) with the 
undershrub Corylus, while on the heavy clay soils were representa¬ 
tives of the beech-maple climax forest. On the flood plains of the 
Huron River there occurred such trees as Ulmus, Tilia, Fraxinus 
nigra, Juglans, Zanthoxylum americanum, and Prunus. Along the 
river shores were growing thickets of willow, poplar, and alder, 
among which twined Vitis vulpina. There were brambles of black- 
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berries and red raspberries, and in open places dense stands of the 
common elder. In the herbaceous layer were composites, grasses, 
ferns, and mosses. The mosses were represented only by spores 
and a portion of a tiny leaf of Amblystegium sp. The reduced number 
of pollen grains and woods of coniferous origin seems to indicate 
that, except for hemlock and a few other relicts, the conifers had 
followed the zones of scrub and tundra as they migrated northward 
in the wake of the retreating ice. 

The movement of climax zones northward is indicated by relict 
boreal species which still persist in this region “several hundred 
miles behind the zone to which they belong” (Clements, 1910). 
White pines may be found twenty-five miles north at Howell, 
Michigan. In the tamarack bogs of Washtenaw County Larix 
laridna is dominant in the bog-tree stage, with Picea mariana 
sometimes present. There are also a few cedar bogs in Washtenaw 
and Jackson counties in which Thuja occidentalis is a rare tree. 
These relicts now grow in bogs where they find protection and com¬ 
pensation against the new climate (Clements, 1934). 

SUMMARY AND CONCLUSIONS 

The alternating strata of tufa and peat in the Maumee terrace 
at Ann Arbor have recorded the successive waves of plant life as 
they moved northward in the wake of the Wisconsin glacier. They 
have preserved evidence of a gradual development of the vegetation 
from the early invaders, which were able to withstand extreme 
physical conditions, to the final mixed deciduous forest, which re¬ 
quired favorable conditions. 

Along with the progressive development of the vegetation there 
was doubtless a corresponding development of the soil, from the 
sterile till or gravel left by the glacier to the well-drained fertile 
soil capable of supporting a mixed deciduous forest (Shantz and Zon, 
1924). Moreover, along with the development of the vegetation and 
soil there was a gradual amelioration of the climate which had its 
resultant effect upon plants and their habitats. 

Alternating moist and dry periods were probably indirectly re¬ 
sponsible for the production of the layers of tufa and peat respec¬ 
tively. The thick layer of peat (Fig. 3, Stratum 0a) may have been 
formed during a major dry cycle. 

Although the development of the vegetation was inhibited by 
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fires, after which burn subseres were inaugurated, the course of the 
succession was resumed each time and finally resulted in a mixed 
deciduous forest. 

1. The tufa-peat deposit at Ann Arbor, Michigan, was formed 
after the lowering of the level of the highest stage of glacial Lake 
Maumee. 

2. According to the estimate of Dr. Frank Leverett, the oldest 
part of the deposit was formed about 30,000 years ago. 

3. Fifty-five animals, mostly mollusks, and forty-four plants 
were identified from the deposit. 

4. The same species of animals and plants which lived during 
the closing part of the Wisconsin glacier are present in some part 
of the state today. 

5. The abundance of terrestrial shells and the layers of tufa 
indicate that much of the deposit was formed in seepage water. 

6. The peat and tufa layers may be indirectly related to the 
amount of precipitation. 

7. Willow, alder, birch, and spruce were probably the first 
trees in the region and may have entered in the order given. They 
were followed by the northern conifers. 

8. The thickest peat layer may indicate a major dry cycle, 
during which fire-tolerant pines maintained dominance over the 
deciduous trees. 

9. After deciduous trees gained dominance burn subseres were 
inaugurated by fires. 

10. The final record gives a mixed deciduous forest with relicts 
of the northern coniferous forest. 

11. Because of the shrinkage and final disappearance of the ice 
sheet, the climate appears to have changed from one as cold as that of 
northern Michigan to one similar to that of central Michigan today. 

University of Michigan 
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EXPLANATION OF PLATE I 


Tufa and peat in Maumee terrace bench exposed along the Plymouth Road, 
in freshly graded highway U.S.-12 (photograph by Professor II. II. Bartlett, 
1925) 



HANSEN PLATE I 



EXPLANATION OF PLATE II 


Three views of the beveled roadside, showing the deposit of tufa interbed ded 
with peat. The cut is roughly parallel to the irregular margin of the Maumee 
terrace. No regular bedding could be made out until a trench was cut at a 
right angle to the roadside (photographs by Professor 11. II. Bartlett, 1925) 





EXPLANATION OF PLATE HI 

Vertical end wall of the beginning of the trench, showing the following strata: 
Fig. 1 . Maumee blue plastic clay upon sandy boulder clay 
Fig. 2. Yellow tufa 

Fig. 3. Variegated peat (peat and tufa); wood at A, B, and O 
Figs. 4~10. Tufa and peat in alternating layers 
Fig. 11. Topsoil 
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EXPLANATION OF PLATE IV 

Enlargement of Stratum 3 of Plate I IT, showing fine stratification, 
located at A, B, and C 


Wood 



HANSEN PLATE IV 



EXPLANATION OF PLATE V 

Fig. 1 . Dr. Frank Leverett, the most distinguished American glacial geologist, 
determining the altitude of the Maumee deposit 

Fig. 2. Trench extending into Maumee terrace from Plymouth Roa< l. I >r. Lever- 
ett examining fossils 







EXPLANATION OF PLATE VI 

Transverse sections of woods from the Maumee deposit. Their location is 
shown in Table II 

Fig. X. Pinus Strobus L. X 150 

Fig. 2. Larix laricina (DuRoi) Koch. X 150 





EXPLANATION OF PLATE VII 

Transverse sections of woods from the Maumee deposit. They wore located 
in Stratum 3, Figure 3, and in other places (Table 11) 

Fig. 1 . Picea mariana (Mill.) BSP. X 150 
Fig. 2. Abies balsamea (L.) Mill. X 150 
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EXPLANATION OF PLATE VIII 

Seeds and achenes from Maumee deposit. Their location is shown in Table IL 
Fig. 1. Scirpus sp. Achene. X 6 
Fig. 2. Car ex retrorsa Schwein. Achene. X 4 

Fig. 3. Rubus idaeus var. aculeatmimus [0. A. Mey.] liegel & Tiling (?). Heed 
X 6 

Fig. 4. Rubus allegheniensis Porter (?). Seed. X 6 

Fig. 5. Rubus occidentalis L. (?) Seed. X 6 

Fig. 6. Sambucus racemosa L. Seed. X 4 

Fig. 7. Sambucus canadensis L. Seed. X 4 

Fig. 8. Vitis vulpina L. Seed. X 4 

Fig. 9. Zanthoxylum americanum Mill. Seed. X 6 




EXPLANATION OF PLATE IX, 

Transverse sections of woods from the Maumee deposit. Their locution is 
shown in Table II. 

Fig. 1. Fraxinus nigra Marsh. X 150 
Fig. 2. Quercus alba L. X 80 
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SOME LICHENS FROM IDAHO 


JOYCE HEDRICK 

T HE material upon which this report is based was collected in 
Idaho by Dr. Alexander H. Smith, botanist in the Herbarium 
of the University of Michigan, during the summers of 1935, 1939, 
and 1941. The collecting of lichens was incidental, and time was 
given to it only when it was not possible to secure other fungi. 

Specimens were collected in the southwestern part of the state. 
In 1935 some were obtained from a petrified forest, south of Cald¬ 
well, and just across the state line from the town of Rockville, 
Oregon. In 1939 a few were found along Thorn Creek, near Boise. 
In 1939 and 1941 the collections were made in the region about 
Payette Lakes in the northwestern part of Valley County. Much 
material was taken from the rocks near Payette Lakes, on the trail 
to Boulder Lake, at an elevation of about 5,600-5,900 feet, around 
Louis Lake at 8,000 feet, and as far south as McCall. In 1941 speci¬ 
mens were also collected from the volcanic rocks near Craters of 
the Moon, at an altitude of about 5,000 feet. 

So far as the writer has been able to ascertain, little work on lichens 
has been done within the State of Idaho. Many small collections 
have been made from time to time, and these have been reported in 
various publications, but the writer has seen no comprehensive study 
of lichens of the state. A number of species from Idaho are given in 
Fink’s Lichen Flora of the United States (2). E. C. Berry (1) lists six 
species of the genus Parmelia from collections in the state, and 
Albert W. C. Herre (5) adds another species of the same genus in a 
recent paper. 

Owing to the high altitudes and the time of collecting, numerous 
specimens were found to be immature. Much valuable information 
might be obtained if specimens could be taken from the same regions 
later in the summer or very early in the spring. 

During the work for this study 276 specimens were identified. 
These are to be found in the Herbarium of the University of Michigan. 
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There are 51 species and 2 varieties in 16 genera, which represent 12 

families. One variety, Oyrophora decussata var. Darrowii Frey, which 

was described from specimens collected in Nevada and California, ap¬ 
pears to be frequent in the part of Idaho represented in this article. 

List op Species 

Dermatocarpon aquaticum (Weis.) Zahlbr. — On rocks in cracks, 
Boulder Lake Trail, near McCall, 15723, July 27, 1941. 

Urceolaria scrtjposa (Schreb.) Ach. — On rocks, Payette Lakes, 
16124, August 7, 1941. 

Peltigera canina (L.) Willd. — On soil, Boulder Lake Trail, near 
McCall, 15716, July 27, 1941. 

Lecidea ATROBRtnsrNEA (Ram.) Schaer. — On petrified wood, across 
the state line from Rockville, Oregon, 1812, August 27, 1935; 
on rocks, Payette Lakes, 15676, 15692, 15695, 16102, August 10, 
1939; 15677, 15701, 15702, July 20, 1941; 16086, 16088, 16092, 
16094, 16096, 16097, 16100, 16101, 16108, 16110, 16112, 16113, 
16118, 16120,16129,16153, August 7,1941; Craters of the Moon, 
15612, 15624, 15630, July 11, 1941; Louis Lake, near McCall, 
15761, 15762, 15765, 15766, 15770, 15773, 15776, 15786, July 27, 
1941. 

Lecidea auriculata T. Fries. — On rocks, Payette Lakes, 16102, 
August 10,1939; Louis Lake, near McCall, 15791, July 27, 1941. 

Lecidea fuscescens Sommerf. — On bark of trees, Payette Lakes, 
16167, August 6, 1941. 

Lecidea lapicida Ach. — On rocks, Louis Lake, near McCall, 15782, 
July 27, 1941; Payette Lakes, 16128, August 7, 1941. 

Lecidea platycarpa Ach. — On petrified wood, across the state line 
from Rockville, Oregon, 1810, 1814, 1825, August 27, 1935; on 
rocks, Payette Lakes, 15688, 15689, July 20, 1941; Boulder Lake 
Trail, near McCall, 15735, 15736, 15737, July 27, 1941; Louis 
Lake, near McCall, 15769, 15774, July 27, 1941. 

Psora globifera Ach. — On soil in cracks between rocks, along 
Thom Creek, near Boise, 1824, summer of 1939; Payette Lakes, 
15673,15675, July 20, 1941; 16085, August 7, 1941. 

Rhizocarpon geographicum (L.) Lam. & DC. — On rocks, Payette 
Lakes, 15682, 15691, 16102, 16114, 16126, August 8-10, 1939; 
15677, July 20,1941; 16092,16100, August 7,1941; Louis Lake, 
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near McCall, 15761, 15762, 15764, 15765, 15766, 15770, 15784, 
15791, July 27, 1941. 

Rhizocarpon grande (Floerke) Arn. — On rocks, Payette Lakes, 
16089, 16103, 16151, August 9-10, 1939; 15681, 15683, 15685, 

15694, July 20, 1941; 16091, 16107, 16109, 16111, 16121, 16122, 

16144, August 7, 1941; Craters of the Moon, 15620, 15629, July 
11, 1941; Louis Lake, near McCall, 15790, July 27, 1941. 

Cladonia pyxidata (L.) Hoffm. — On soil, Boulder Lake Trail, 
near McCall, 15729, July 27, 1941; Payette Lakes, 16060, 16061, 
16134, August 6-7,1941. 

Gyrophora decussata (Vill.) Zahlbr. — On rocks, Payette Lakes, 
16151, August 9,1939; Craters of the Moon, 15622, July 11,1941. 

Gyrophora decussata var. Darrowii Frey. — On rocks, Payette 
Lakes, 15679, 15699, August 9-10, 1939; Craters of the Moon, 

15608, 15609, 15614, 15618, 15619, 15626, 15629, 15633, 15635, 

15636, 15650, 15657, July 11, 1941. 

Gyrophora erosa (Weberi) Ach. — On rocks, Boulder Lake Trail, 
near McCall, 15724, 15732, July 27, 1941. 

Gyrophora hyperborea Ach. — On rocks, Payette Lakes, 15705, 
15706, 15709, July 20, 1941; 16152, August 7, 1941; Boulder 
Lake Trail, near McCall, 15724a, July 27, 1941; East Fork of 
Lake Fork, 15668, July 18, 1941; Craters of the Moon, 15600, 
15617, July 11, 1941. 

Gyrophora Muhlenbergii Ach. — On rocks, Payette Lakes, 15707, 
July 20, 1941. 

Gyrophora phaea (Tuck.) Nyl. — On rocks, Payette Lakes, 16103, 
August 10, 1939; 15694a, July 20, 1941; 16136, August 7, 1941. 

Gyrophora proboscidea (L.) Ach. — On rocks, Payette Lakes, 
15711, 16095, 16098, 16115, 16130, 16146, 16152, 16154, 16155, 
August 8,1939. 

Gyrophora rugxpera (Nyl.) T. Fries. — On rocks, Craters of the 
Moon, 15623, July 11, 1941. 

Gyrophora torrefacta (Leightf.) Cromb. — On rocks, Craters of 
the Mpon, 15638, July 11, 1941. 

Gyrophora vellea (L.) Ach. — On rocks, along Thom Creek, near 
Boise, 1822, summer of 1939; Payette Lakes, 15674, July 20,1941; 
16131, 16132, 16133, August 7, 1941. 

Lecanora alpina Sommerf. — On rocks, Louis Lake, near McCall, 
15784, July 27, 1&41. 
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Lecanora atra (Huds.) Ach. — On rocks, Payette Lakes, 16126, 
August 8, 1939. 

Lecanora cinereortjfeschns (Ach.) Nyl. — On rocks, Payette 
Lakes, 15092, August 10, 1939. 

Lecanora melanophthalma (Lam. & DC) Ramond. — On petrified 
wood, across the state line from Rockville, Oregon, 1800, 1807, 
1811, 1816, August 27, 1935; on rocks, Craters of the Moon, 
15614, 15619, 15627, 15629, 15633, 15636, 15643, 15648, 15654, 
15656, July 11, 1941. 

Lecanora mtjralis (Schreb.) Rabh. — On petrified wood, across the 
state line from Rockville, Oregon, 1801, 1808, August 27, 1935. 

Lecanora oregana Tuck. — On rocks, Payette Lakes, 16095, 16098, 
16125, August 9, 1939; 16084, 1G087, August 7, 1941; Craters 
of the Moon, 15615, 15635, July 11, 1941. 

Lecanora polytropa (Ehrh.) Rabh. — On rocks, Payette Lakes, 
16116, August 10, 1939. 

Lecanora rubina (Vill.) Ach. — On petrified wood, across the state 
line from Rockville, Oregon, 1813, 1816, 1818, August 27, 1935; 
on rocks, Craters of the Moon, 15641a, 15655a, 15658, July 11, 
1941; Payette Lakes, 16081, August 7, 1941. 

Lecanora rupicola (L.) Zahlbr. — On rocks, Payette Lakes, 15682, 
15690, August 10, 1939. 

Lecanora stjbfusca (L.) Ach. — On rocks, Payette Lakes, 15678, 
16124, August 10, 1939; 15680, 15687, 15700, July 20, 1941; 
Boulder Lake Trail, near McCall, 15734, July 27, 1941; Louis 
Lake, near McCall, 15762, 15770, 15770a, 15780, 15783, 15788, 
15792, July 27, 1941. 

Lecanora stjbfusca var. coilocarpa Ach. — On bark of trees, 
Boulder Lake Trail, near McCall, 15726, July 27, 1941; Payette 
Lakes, 16067a, 16071,16079, August 6-7,1941. 

Parmelia conspersa (Ehrh.) Ach, — On pebbles, across the state 
line from Rockville, Oregon, 1820, August 27, 1935. 

Parmelia mqlliusctjla Ach. — On soil, across the state line from 
Rockville, Oregon, 1815, August 27, 1935. 

Parmelia olivacea (L.) Ach. — On trees, Payette Lakes, 16137, 
August 7, 1941. 

Parmelia physodes (L.) Ach. — On trees, Payette Lakes, 16068, 
16070, 16072, 16074, 16076, 16076a, 16078, 16140, August 7, 
1941. 
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Parmelia sorediata (Ach.) Rohling. — On rocks, Payette Lakes, 
15686, July 20, 1941. 

Parmelia stygia (L.) Ach. — On rocks, Payette Lakes, 15704, 
August 8, 1939. 

Cetraria californica Tuck. — On trees, Payette Lakes, 16072, 
16135, 16139, 16140, August 7, 1941. 

Cetraria juniperina (L.) Ach. — On branches of trees, along Thorn 
Creek, near Boise, 1821, summer of 1939. 

Cetraria platyphylla Tuck. — On trees, Payette Lakes, 16072, 
16074, 16076, 16076a, 16080, August 7, 1941. 

Cetraria tristis (Web.) E. Fries. — On rocks, Payette Lakes, 
16151, 16154, 16155, 15684, 15693, 15712, August 9, 1939. 

Evernia vctlpina (L.) Ach. — On rocks, Payette Lakes, 16082, 
August 8, 1939; on branches of trees, Payette Lakes, 16072, 
16073, 16074, 16076, 16076a, 16076b, 16135, 16140, August 7, 
1941; South Fork of Lake Fork, 15667, 15710, July 19-20, 1941; 
Louis Lake, near McCall, 15763, July 27, 1941. 

Alectoria jtjbata (L.) Ach. — On trees, Payette Lakes, 16066, 
16074, 16075, 16076, 16076a, 16076b, 16077, August 7, 1941. 

Alectoria oregana Nyl. — On trees, Payette Lakes, 16072, 16074, 
16075a, 16076, 16076a, 16135, 16139, 16140, August 7, 1941. 

Caloplaca aurantiaca (Leightf.) T. Fries. — On trees, Payette 
Lakes, 15708, July 20,1941; 16057,16059, 16062, August 6,1941. 

Caloplaca elegans (Link.) T. Fries. — On petrified wood, across 
the state line from Rockville, Oregon, 1800,1823,1826, August 27, 
1935; on rocks, Payette Lakes, 15698, 15703, 16125, August 8, 
1939; Craters of the Moon, 15636, 15637, 15642, 15655, 15660, 
July 11, 1941. 

Caloplaca ferruginea (Huds.) T. Fries. — On rocks, Payette 
Lakes, 16056, August 9, 1939; 16092, August 7, 1941. 

Caloplaca murortjm (Hoffm.) T. Fries. — On petrified wood, across 
the state line from Rockville, Oregon, 1829, August 27, 1935. 

Buellia parasema (Ach.) De Not. — On old wood, Payette Lakes, 
16058, August 6, 1941. 

Physcia pulverttlenta (Schreb.) Nyl. — On soil, Payette Lakes, 
16142, August 10, 1939; 16138, August 7, 1941. 

Physcia setosa (Ach.) Nyl. — On soil over rocks, Boulder Lake 
Trail, near McCall, 15730, July 27, 1941. 

University of Michigan 
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SOME STUDIES IN THE GENUS HELYELLA * 

BESSIE B. KANOUSE 

I N CONNECTION with research on the genus Helvetia, I have 
accumulated some data that have a bearing on the taxonomic 
status of the genus and of some of the species which comprise it. 
The results are presented in this paper. 

Even though the family Helvellaceae is an old one and supposedly 
well studied, considerable difficulty is still encountered in making 
identifications in this group. Many genera and subgenera have been 
proposed, and more than 170 specific and varietal names have been 
published for the genus Helvella alone. The synonymy for certain 
species is considerable. In the old literature, particularly, the de¬ 
scriptions were based upon inadequate observations, and emphasis 
was frequently placed on the macroscopic characters. These become 
important and reliable when they can be correlated with morphologi¬ 
cal characters of diagnostic significance, such as structure and spore 
size. In this genus, especially, the macroscopic characters must be 
considered carefully and the differences evaluated with caution, since 
the amount of variation in size, color, and shape of fruit bodies is 
often great within a species. The illustrations accompanying the 
older reports tend to emphasize these variations, and undue signif¬ 
icance has been attached to them. In the more recent literature 
there appear to be misinterpretations, so that the present-day tax¬ 
onomy of the genus, together with the nomenclatorial aspects, is a 
real problem. 

The present study was undertaken primarily to ascertain the 
usefulness of a chemical test in making identifications of fungi in 
the Helvellaceae. Smith and Singer (31), in connection with their 
studies on the genus Cystoderma, found that a 2.5 per cent solution 
of KOH produced color reactions in the cells of the cuticle ranging 
through negative (hyaline), olivaceous or strongly olivaceous, to 
cinnamon-russet. They were able to separate groups of species by 
means of these reactions, and they place considerable weight upon 
the results of this technique in species of Cystoderma. 

* Papers from the Herbarium of the University of Michigan. 
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The use of iodine solution as a stain in conned,ion with Discomy- 
cetos is standard practice. Rohm (28) employed it, regularly. Beaver 
(30), however, made no reference to it and apparently considered it 
to be of no value. Lagardc (22) reported upon the use of stains in 
connection with his studies of several species of Helvetia, but KOI! 
was not among those used by him, and he drew no taxonomic con¬ 
clusions from the stains he did use. In the study of lichens the use 
of stains is becoming more generally accepted. Nannfeldt, (2d) sug¬ 
gested the desirability of finding some new chemical tost that would 
aid in identifying Diseomycetes. 

The observations reported in this paper wore made on freehand 
sections of both fresh and dry herbarium material mounted in 2.5 
per cent solution of KOH. The following species were examined: 
Helvetia cdbella (Qu61.) Boud. (1 coll.); II. albipcs Fuck. (2 coll.); 
II. atra Fr. (13 coll.); II. calif or nica Phill. (13 coll.); H. caroliniana 
Bose, ex Fr. (7 coll.); II. crispa Fr. (17 coll.); II. elastica Bull, ex 
Fr. (43 coll.); II. esculenta Pers. ex Fr. (16 coll.); II. gigas Krombh. 
(5 coll.); H. infula Schaeff. ex Fr. (42 coll.); II. lacwwsa Afz. ex 
Fr. (53 coll.); H. monachella Scop, ex Fr. (1 coll., Rohm: Ascomyceten 
no. 1561); II. pezizoides Afz. ex Fr. (1 coll., Rohm: Ascomyceten 
no. 1352); H. pezizoides var. minor (2 coll.); II. pulla Ilolmsk. ex 
Fr. (1 coll., Rehm: Ascomyceten no. 1251); and II. sphaerospora 
Pk. (4 coll.). 

Before taking up the effects of the KOH solution, it is desirable 
to consider the structure of the fruiting head and to discuss briefly 
the nature of the hymenial and subhymenial layers. The reader is 
referred to Corner (10) and to MeOubbin (23), who have published 
upon the morphology of the ascocarps in certain species of the genus 
Helvetia. I have examined more spocios of Helvclla than did these 
authors, and my observations confirm their findings and extend the 
knowledge by the study of additional species. 

The tissue of the fruiting head is composed of three layers: the 
hymenium, the hypothecium or medulla, and the exciplo or cortex. 
The hymenium consists of the asci and the paraphyses. The asci 
are operculate, and the spores fall into several distinct groups: nar¬ 
rowly oblong, containing two oil drops; ellipsoid, containing two 
oil drops; ellipsoid, with one large oil drop; large ellipsoid, smooth, 
with one oil drop; large, ellipsoid, rough, with one oil drop; and 
spherical smooth. The paraphyses exhibit no outstanding difference 
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in the several species. They vary somewhat, but in general are 
filiform, clavate-tipped, and branched, frequently at a point below 
the middle. Septa are commonly present. Coloring matter may 
give the paraphyses a slight yellowish cast, and in two species, 
H. air a and H. lacunosa (which have dark-colored pilei), they are 
brown. The paraphyses are abundant in all species. They reach the 
tips of the asci and sometimes project slightly beyond, but never 
form an epithecium. 

The hypothecium is the hyphal layer directly beneath the hyme- 
nium. It soon loses its hyphal nature and becomes pseudoparenchy- 
matic, presenting the appearance of a layer of small, compact cells. 
This layer is usually less thick than the hymenium or the exciple 
and is gray hyaline. 

Below the hypothecium is the excipular layer, or cortex. Three 
types of excipular development were observed. A palisade layer, 
or a modification of such a layer, is usually found. In one group 
of species the under surface consists of a regular, even palisade made 
up of large irregular hyaline cells that are formed into chains pressed 
closely together. The surface is occasionally broken by longer, pro¬ 
jecting chains, but is otherwise comparatively even. The species 
in which this condition was observed are: H, albella, H. albipes, 
II. lacunosa , H . monachella, H. pezizoides , and H. pulla . Another 
group is represented by two species, H . crispa and H. elastica , in 
which the excipular layer showed extreme irregularity. The chains 
were grouped into pyramidal mounds, and the variation in shape and 
size of these chains, together with the more frequent occurrence of 
stray chains, produced a decidedly irregular surface. The amount 
of irregularity was not sufficient to form a distinct pubescence in any 
species except H . pezizoides . Lack of material for study makes it 
impossible to say whether or not this is a constant character for this 
species; it is so reported in descriptions of the species. In the third 
group both the palisade layer and the pyramidal mounds are lacking 
altogether. There is instead a loose unorganized arrangement of 
cells that are somewhat larger than the cells found in the hypothecium. 
They retain so much of the hyphal nature that it must be regarded 
as prosenchymatic. The outermost layer is irregularly cellular. The 
species in this group are: H. calif arnica, H. caroliniana , H. esculmta , 
H . gigas, H . infula , and H. sphaerospora. 

The color found in the fruiting head occurs principally in the 
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paraphyses. A small amount is sometimes seen in the excipular 
cells and usually gives them a sordid yellowish tint. The paraphyses 
of E. lacunosa and H. atra have normally a decidedly brownish color. 
Iodine solution does not produce in them a blue coloration. 

KOH solution produces four types of color reaction in the various 
species. In one group the paraphyses turn bright yellow, in another, 
reddish brown to cinnabar-brown, in another, dark brown, and in the 
fourth they range in color from hyaline to sordid yellowish to pale 
fuscous. The bright yellow appears in II. califomica, H. caroliniana, 
H. gigas, and H. sphaerospora; the red, in II. esculenta and H. infula. 
The dark brown is merely an intensification of the natural brown of 
H. atra and H. lacunosa, and the sordid yellowish to practically 
negative reaction, in which at least the tips of the paraphyses remain 
hyaline, characterizes the remainder of the species examined, of which 
II. albipes, II. crispa, and II. elastica are typical. The groups of 
species thus blocked out by means of KOH correspond roughly to 
groupings made on the basis of morphological data. The naturally 
dark-colored species, II. atra and II. lacunosa, react alike, as do the 
two related species H. esculenta and II. infula. In addition, II. 
califomica, H. caroliniana, H. gigas, and H. sphaerospora, which 
have somewhat similar fruit bodies and an exqpular development 
that is comparable, all show the yellow coloration. Apparently these 
chemically induced color distinctions conform more or less to the 
natural groupings. 

Information gathered in the investigations just discussed has a 
direct bearing upon the interpretation of some of the genera in the 
Helvollaceae and also upon some of the species concepts. It is 
unnecessary to give here the complete historical account of the 
Helvellaceae. Many taxonomic arrangements have been put forward 
that involve the establishment of new genera and subgencra. The 
reader is referred for such material to the following sources: Anderson 
andlckis(l); Banhegyi (2); Bataille(3); Beausoigneur (4); Bigeard 
and Guillemin (5); Boudier (7); Cooke (9); Fries (11,12); Fuckel 
(13); Gillet (14); Grelet (15); Hone (16); Imai (17, 18); Karsten 
(19); Kavina(20); Krombholtz (21); Nannfeldt (25); Phillips (26); 
Qu61et (27); Seaver (30); and Velenovsk^ (32). 

Not all the described species have been seen by me — Seaver (30) 
lists only fourteen species from North America — but enough of 
them have been examined to enable me to vouchsafe the opinion 
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that the phylogeny of the group is more clearly understood and rep¬ 
resents the natural order more accurately when the genus Helvella 
is considered iir a broad sense. Recognizable variations exist within 
species, and some of the plants exhibiting them have been designated 
as varieties. This gradual flow of characteristics within a species, 
as well as between species, seems to demonstrate that a close unity 
exists in this group of fungi. When such a gradation of morphology 
can be traced, the necessity of creating many genera appears question¬ 
able. To break up the continuity of a natural progression by sharp 
generic barriers only tends toward confusion. The differences may 
be viewed as a natural progression, rather than as sharp divisions. 
Gyromitra, Physomitra, Leptopodia, Neogyromitra, and Globo- 
pilus are examples of genera that do not seem to be required for an 
accurate interpretation of this group. Neither does it appear that 
the creation of subgenera facilitates an understanding of the tax¬ 
onomy. 

One of the classic arguments involves the validity of the genus 
Gyromitra. Some consideration is given that question here since it 
concerns the position of H . esculenta, and also that of H. sphaerospora , 
H. caroliniana } and H. gigaSj which have been placed in the genus. 
Gyromitra was established by Fries (12), on the basis of the gyrose 
cap, to take care of H. esculenta. This disposition separated H. 
esculenta and H . infula , which are shown in the present paper to be 
closely related, but distinct, species. The gyrose condition alone 
affords insufficient ground on which to maintain a genus, especially 
when it is realized that convolution is sometimes present in species 
having caps that are normally smooth, or at most wrinkled. The 
inclusion of H. californica, H . sphaerospora , and H. gig as is forced, 
since in these species the caps are not truly gyrose. Furthermore, 
the KOH reaction in these three is in sharp contrast to that found in 
H. esculenta . The evidence for and against the acceptance of Gyro¬ 
mitra is set forth by Seaver (29), by Anderson and Ickis (1), and by 
others. It suffices to say that I prefer to use the genus Helvella in 
the broad sense, as defined by Seaver (30). 

The question whether or not the two species H. infula and H . 
esculenta are synonymous is also of long standing. From a careful 
study of both fresh and herbarium material I am convinced that the 
two are undoubtedly distinct. A fine collection of fresh fruit bodies 
was examined. It consisted of more than one hundred caps found 
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growing under Populus grandidenlata and Airies halsamifcra at 
Lupton, Michigan, May 2, .1946. They were collected by A. IT. 
Smith (no. 21388). The dried specimens examined eame from New 
Hampshire, Michigan, Montana, Oregon, Washington, Canada, and 
Sweden.’ These collections, too, had been made in the spring, and all 
the specimens had been found growing under conifers. These arc 
two circumstances that contrast sharply with the conditions charac¬ 
teristic of H. infula, which is collected in summer and early fall in 
localities where only deciduous trees are present. In fact, the fruit 
bodies of this species are often found growing directly upon decayed 
wood of deciduous trees. In addition to these differences in season 
of growth and in habitat, there is a marked difference in the shape and 
stature of the fruit bodies in the two species. 11. infula tends to be 
tall and slender, with a saddle-shaped cap. II. csculcnla is a stouter 
plant, with a thicker stipe and a decidedly gyrose cap. The colors 
differ, too, for II. infula is usually some shade of tan or light brown, 
whereas the caps of II. esculenta, when fresh, range from “cinnamon- 
buff” (R.) 1 through “bay” to “chocolate,” “Mikado brown,” and 
“Hessian brown,” the stipes being “buff pink” to “vinaceous 
tawny.” But the principal difference is in spore shape and spore 
size. Freshly shed spores of H. esculenta measure 24-28 X 12-16 (jl 
and are decidedly ellipsoid. They contain two bright oil drops, 
one at each extremity of the spore. On germination the oil drops 
break down, and when the germ tube is 50 p or less long all trace of 
globules is gone. The spores of this species revived in KOI! were 
similarly ellipsoid, and were likewise consistently different in shape 
from those in II. infula, but they were slightly smaller than the 
spores from the fresh fruit bodies. The spores in IT. infula are 
narrowly oblong and measure only 16-18 X 7-8 ju. The forty-two 
collections of H. infula examined represent a wido distribution in 
the United States. 

There is another confusing situation, involving II. gigas and 
H. caroliniana. Krombholtz (21) described and illustrated II. gigas 
as having smooth spores, but Seaver (29) put it in synonymy with 
H. caroliniana, which is a rough-spored species, and Boudier (6) 
made a similar error in illustratiiig II. gigas with rough spores. 
Bresadola (8) gives the correct interpretation of this species. Nann- 

1 Color terms quoted are from R. Ridgway, Color Standards and Color 
Nomenclature, 1912. 
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feldt (24) and Imai (17) concluded that H. gigas Krombh. does not 
occur in the United States. The Herbarium of the University of 
Michigan has collections of both these species; those of H. gigas 
were made in Idaho and Michigan, and those of H . caroliniana, 
in Illinois, Michigan, Ohio, and Tennessee. The spores of these col¬ 
lections of j H. gigas measure 30-35(40) X 11-12(14) fjt, and are smooth. 
The spores of the Michigan Herbarium collections of H . caroliniana 
measure 26-34 X 14-16 ju, are sometimes apiculate, and are decidedly 
roughened by warty protuberances. The species is easily recognized 
by these rough spores. 

Another question is raised concerning the two species H . carolin¬ 
iana and H. underwoodia Seaver. The descriptions of the two are 
nearly identical. Seaver (30) separates them upon the assumption 
that the spores of H. caroliniana are strongly apiculate and that those 
of H. underwoodia are not. Collections of H. caroliniana spores 
have been examined, and both apiculate and nonapiculate spores- 
have been found in the same fruit body. It is evident, therefore, 
that H. underwoodia becomes a synonym of H. caroliniana. 

University of Michigan 
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THE APPLICATION OF ZALENSKFS LAW 
TO CERTAIN SUBMERGED PLANTS* 


MARION I. LEHNER 

T HE measurements and observations of leaves of upright terres¬ 
trial plants made by V. Zalenski and published in Russian in 
Kiev Politekhnicheskii Institut Izviestiia, 4:1-203, in 1904, as 
reported in Maximov (6), have established the general rule that 
“the anatomical structure of the individual leaves of one and the 
same shoot is a function of their distance from the root system.” 
Maximov (6) states: “This may justly be called Zalenski’s law.” 
Zalenski (fide 6 and 7) found that upright terrestrial plants have a 
tendency to show a more xeromorphic structure in the upper leaves 
than in the lower ones. Among the conditions he observed were a 
decrease in the size of vein islets, epidermal cells, and guard cells, 
and a greater frequency of stomates per unit of surface in the upper 
leaves. 

Since it is accepted as a fact that the ancestors of flowering 
aquatic plants were terrestrial plants and since Zalenski and others 
(2, 6, 7) worked on upright terrestrial species which were subjected 
to the increasing drying effects of the atmosphere, certain long¬ 
stemmed submerged species of Potamogeton were chosen for study 
because they live under conditions of greatly reduced “transpiration.” 
The purpose of this study was to see whether the tendency observed 
by Zalenski can be found in submerged aquatics also. He (fide 6) 
and Yapp (8) believe the fundamental reason for this xeromorphy of 
upper leaves may be the reduction in the amount of water available 
because of interception by lower leaves. Zalenski’s findings have 
been confirmed by the works of Yapp (6), Heuser (fide 6), Rippel 
(fide 6), Miller (7), and others. 

* The investigations upon which this paper is based were conducted during 
July and August of 1941 at the Biological Station of the University of Michigan 
at Douglas Lake, Cheboygan County, Michigan. 

The author acknowledges her indebtedness to Dr. Frank C. Gates and 
Dr. Carl D. La Rue for suggesting the problem and for assistance in its completion. 
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METHODS 

The stems of Potamogeton richardsonii (Bonn,) ltyclb. and P. 
praelongus Wulf. were found to be the longest of the long-leaved 
species growing in Douglas Lake. Fifty-six plants were collected 
for study from water about twenty feet deep 
just beyond the dropoff on the southeastern 
shore of the lake. Since it was difficult to 
obtain specimens with roots, measurements 
were begun at the apex. The first mature 
leaf and the lowest leaf were selected, to¬ 
gether with intermediate leaves at distances 
approximately one meter apart. Distances 
between these leaves were measured, A 
section about one centimeter square was cut 
from the median portion of each leaf (Fig. 
1). This was mounted on a slide in a drop 
of lactic acid and placed in an oven at 50° C. 
Fig. 1. Potamogeton pm &- for twenty-four to forty-eight hours, or until 
long Jt\ % leaf f. howmg it was cleared. Measurements of lower 
epidermal cells were made by use of the 
ocular micrometer at a magnification of 440X. Ten cells were 
measured in each of three locations — at the margin and at the in¬ 
termediate and central positions on the leaf (XXX in Fig. 1). These 
leaves were then classified into one-meter 
groups, starting at the tip. Measurements 
of ten vein islets were made with a Spencer 
projectoscope at a magnification of 12.5X* 

The colls were found to be somewhat rec¬ 
tangular, and so measurements of length 
and width were taken along lines intersect¬ 
ing at right angles in the center (Fig. 2). 

Photomicrographs of typical cells and of 
typical vein islets are illustrated in the figures of Plate I. 

The complete data, which are much too lengthy to be included in 
this paper, have been filed in the library of the Biological Station at 
Douglas Lake and are available for study. The form used to record 
the data is shown in Table I. A summary of the total number of 
measurements taken is shown in Table II* 


c 



Fig. 2. Typical central epi¬ 
dermal cell, showing loca¬ 
tion of measurements. 
a~b } width of leaf; c~~d, 
length of leaf 
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Example op the Method Used to Record the Measurements 
Taken on Each Leaf 

Potamogeton praelongus , specimen 18, leaf 20. 


Distance 

between 

nodes 


Epidermal cells (ocular units *) 
Marginal Intermediate Central 


Vein islets t 


Length! Width Length Width Length Width Length Width 



* Ocular unit = 3.27 microns. Magnification 440 X. 

t 1 mm. projected = 12.5 mm. on screen. 

t Measurements made with reference to shape of leaf, “length” being 
parallel to length of leaf and “width” to width of leaf. 

The probable error was computed by methods and tables taken 
from the Handbook of Chemistry and Physics (5), which states that 

“the probable error of a series of n measurements a ly a*, a z , - a nj 

the mean of which is m,” can be expressed by the following approxi¬ 
mate equations, which are convenient forms of computation: 

Probable error of the series is 0.8453- - - 

s/n(n — 1) 

TV 

Probable error of the mean is 0.8453- 

ny/n — 1 

The symbol 2 d represents the arithmetical sum of the deviation 
from the mean. 

If three times the probable error is less than the difference be¬ 
tween the mean of the first group and that of the second group, the 
figures may be said to show a significant difference. Measurements 
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TABLE II 

A Summary op the Number op Measurements Taken 


Distances 
from tip 

Cells measured 

Vein islets 
measured 

P. richardsonii 

P. praelongus 

P. rich¬ 
ardsonii 

P. prae¬ 
longus 

Mar¬ 

ginal 

Inter¬ 

mediate 

Central 

Mar¬ 

ginal 

Inter¬ 

mediate 

Central 



Less than 

1 meter 

420 

420 

420 

340 

340 

340 

420 

340 

1-2 

360 

360 

360 

270 

280 

280 

360 

280 

2-3 

410 

420 

420 




420 

70 

3-4 

60 

60 



BSI 

j§$9 

60 

* 


3,770 

2,000 

1,260 

690 

Grand 

total 

5,830 

1,950 


* No specimens were longer than three meters. 


of the areas of epidermal cells and of the vein islets and the probable 
errors of each are given in Table III. 

A comparison of the measurements of the areas of the cells and of 
the vein islets can best be made by determining the probable error 
of the differences, which can be computed by use of the formula 

_ D __ 

V(p.e.wtTJ* VJjKeTITT ) 1 

in which V is the value of the difference and D is the difference be¬ 
tween the two means m and M, If V is three or less, the difference 
between the two means is probably not significant. By examination 
of Table III it will be seen that only two of nine measurements of 
areas of cells and two of three measurements of areas of vein islets of 
Potamogeton richardsonii are significant, and four of six cells and one 
of two vein islets of P. 'praelongus are significant. 
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A Summary of Areas Taken from Averages of Measurements of 
5,830 Cells and 1,950 Vein Islets 


Probable error of the mean and differences. 

Measurements of cells are in microns and vein islets in millimeters projected. 


Distances from tip 


Epidermal cells 

Marginal 

Intermediate 

Central 


Vein islets 


Potamogeton richardsonii 


Less than 1 
meter 

(42 specimens) 

Mean 

163.0 ± 3.06 

69.3 ±1.78 

82.3 ± 2.72 

93.3 ±10.10 


Mean 
Diff * 

ihiii 

85.4 ±2.11 
16.1 ±0.15 


32.9 ± 1.17 
60.4 ± 0.61 

2—3 

(42 specimens) 

Mean 

Diff* 

216.0 ± 5.96 
14.7 ± 0.51 

89.6 ±1.81 
4.16 ±0.03 


45.5 ± 1.31 

12.6 ± 7.11 

3-4 

(6 specimens) 

Mean 

Diff.* 

167.0 ± 6.97 
49.0 ± 0.53 

80.5 ±3.15 
9.1 ±2.50 

82.7 ± 4.23 
21.5 ± 4.44 

[38.2 ± 3.30 
7.23 ± 3.55 


Potamogeton praelongua 


Less than 1 
meter 

(34 specimens) 

■ 

140.0 ± 0.178 

87.0 ±2.33 

103.0 ± 2.16 

46.7 ± 2.35 

1-2 

(28 specimens) 

Mean 

Diff* 

153.0 ± 2.93 
13.6 ± 4.64 

102.0 ±1.85 
15.0 ±5.03 

131.0 ± 5.29 
27.4 ± 4.66 

52.5 ± 1.67 
5.78 ± 2.44 

2—3 

(7 specimens) 

Mean 

Diff* 

179.0 ± 7.95 
25.7 ± 3.03 


152.0 ±14.90 
11.3 ± 0.51 

49.3 ± 3.75 
3.27 ± 0.80 


* Difference between this group and the preceding one. 


DISCUSSION 

The leaves of Potamogeton richardsonii and P. praelongus were 
thin and easily cleared for study. The presence of chloroplasts, 
which were found in the epidermis, was thought to be due to the 
reduced amount of light available to submerged plants (1). The 
cells of the epidermis are somewhat rectangular, a shape thought by 
E. Mer (fide 1) to be due to a constant state of turgescence because 
of the feeble “transpiration” of submerged plants, which allows a 
more uniform growth. Stomates or their vestigial indications were 
not found in the epidermis of the specimens studied. 



















96 


Marion I. Lehner 


Until Zalenski’s study (fide 6) it was supposed that plants living 
in a dry environment were protected against excessive evaporation 
and that they had no need of a rapid water supply. It was also sup¬ 
posed that plants living under conditions of high humidity had 
structural adaptations for increased transpiration. Zalenski observed 
in 1901 (fide 6) that the network of veins was better developed in 
the leaves of plants growing in open habitats than in those of plants 
growing in the higher humidity of woodland shade. He also found 
that the upper and lower leaves of plants growing under these 
conditions sometimes showed no difference in density of venation. 
Potamogeton richardsonii and P. praelongus, being submerged aquatics 
living under conditions of low rate of “transpiration,” showed no 
consistent decrease in areas of vein islets from the lowest to the 
highest leaf. 

Since the constant decrease in size of cells and vein islets observed 
by Zalenski (fide 6) and others (2, 3, 4, 7) in upright terrestrial plants 
was not obtained in the submerged aquatics which were not exposed 
to the increasing drying effects of the atmosphere, the data gathered 
would seem to indicate that there must be other environmental 
factors not taken into consideration, that environment is a greater 
controlling factor than heredity, and that indirectly they are a 
confirmation of Zalenski’s law. 

SUMMARY 

1. This investigation shows no consistent increase in size of 
lower epidermal cells or vein islets from apical to basal leaves of 
Potamogeton richardsonii and P. praelongus. 

2. The data gathered from observations upon those aquatic 
species are not in agreement with observations made by Zalenski 
and others on terrestrial species. 

3. The data may be interpreted to mean that environment has 
a greater influence than heredity in determining the size of cells and 
vein islets in the aquatic flowering plants studied. 

4. It may be said that the observations indicate indirectly a 
confirmation of Zalenski’s law. 

Pontiac, Michigan 
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Fig. 1. Vein islets, Potamogeton richardsonii. X 12.5 

Fig. 2. Marginal cells, P. richardsonii. One ocular unit. 3.27 ju 

Fig. 3. Central cells, P. richardsonii 

Fig. 4. Vein islets, P. praelongus. X 12.5 

Fig. 5. Marginal cells, P. praelongus. One ocular unit. 3.27 ju 

Fig. 6. Central cells, P. praelongus 










STUDIES IN THE GENUS PORI A * 

I. PORIA CARNEOP ALLENS (BERK.) COOKE 
JOSIAH L. LOWE 

S TUDY of Poria material now in the Farlow Herbarium from the 
southern United States and from the tropical regions of the West- 
tern Hemisphere revealed that widespread confusion existed concern¬ 
ing the identity of Poria carneopallens. The type collection alone 
of the specimens listed below was filed under its proper name, and 
an adequate idea of the distribution and incidence of this species 
depended upon a search for and restudy of the pertinent herbarium 
specimens. 

The macroscopic and many microscopic characters of Poria 
carneopallens are closely similar to those of the common and widely 
distributed Poria eupora (Karst.) Cooke. The ranges of these two 
species overlap, and their close similarity has led to much confusion. 
The spore size and shape readily separate them (Fig. la, b), but 
southern material proved sterile more often than fertile. For this 
reason a character for the specific identification of sterile specimens 
was sought and found. 

Positive distinction between these two species can be made by 
determining the nature of the thin-walled connective hyphae in the 
subiculum. In Poria carneopallens septa are regularly present but 
clamp connections are lacking, whereas clamp connections are regu¬ 
larly present on such hyphae in Poria eupora. It must not be supposed 
that septa or clamps are always readily seen, for in both species 
connective tissue may be so scanty and may break into such minute 
pieces on crushing that an oil-immersion lens frequently must be 
employed to observe this character. In so far as fertile material 

* Contribution from the Department of Forest Botany and Pathology, 
The New York State College of Forestry, Syracuse, New York, and from the 
Farlow Reference Library and Herbarium of Cryptogamic Botany at Harvard 
University, Cambridge, Massachusetts. 

This study was supported in part by a grant-in-aid from the Society of the 
Sigma Xi. 
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provided a check, however, the taxonomic value of this character 
proved diagnostic. 

Since a complete and modern description of Poria carneopallens 
has not been published, one is here appended. 



Fig. 1. Spores and cystidia in species of Poria: 
a, spores from the type collection of P. car - 
neopallens; 6, spores of P. eupora (from 
Lowe 2413); c, mammillato cystidia from 
original material of P.fulvobadia (no. 5318). 

A cross section of a cystidium showing the 
very thick walls is at the upper right 

Poria carneopallens (Berk.) Cooke, Grevillea, 14:110. 188G 

Poly poms ( Resupinatus ) carneopallens Berk., Hooker’s Journ . Bot. } 8:237. 1856. 

Fruiting body annual, effused up to 10 cm., inseparable, without 
distinctive taste. Margin whitish to cream, narrow, appressed- 
tomentose. Pore surface varying from pale cinnamon to flesh color, 
faintly glancing, the tubes tough and somewhat cartilaginous when 
dry, up to 1 mm. long, the mouths angular, variable in size from 
8 to 12 per mm., the edge narrow, entire, often whitened. Subiculum 
cream, up to 0.3 mm. thick, firm-fibrous. 

Sections not changing color in potassium hydroxide solution, the 
fundamental hyphae of the subiculum rarely branched, nonseptato, 
4-7 p in diameter, and the connective hyphae abundant to rare, 
thin-walled, septate, and 2-4 p in diameter. Cystidia abundant to 
rare, terminally incrusted, 7-11 p in diameter; basidia clavate, 
11 X 4-6 p; spores hyaline, smooth, ovoid to subglobose, often with 
somewhat flattened sides and appearing more or less triangular, 3.5 
-4X2.5-3.5 m- 

On the wood of deciduous trees, associated with a white rot. 
Specimens studied in the Farlow Herbarium: Brazil, Spruce 178, type 
collection; Cuba, W. L. White 376, 854, 858; Florida, R. Thaxter 
90, and W. W. Calkins 792. 

Poria fulvobadia Pat. {Journ. Botanique, 11:340. 1897) from 
Tonkin, French Indo-China, agrees in all the characters described 
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above and has, in addition, peculiar mammillate cystidia shown 
in Figure 1 c. Such cystidia were found in the type of Poria carneo- 
pallens after this manuscript was submitted for publication, and it 
seems certain that these two species are synonymous. 

This species has also been reported from Brazil by Berkeley and 
Cooke (Linn. Journ. Bot., 15:384. 1876), Bresadola ( Hedwigia, 
35:282. 1896), Hennings (Hedwigia, 43:199. 1904), and Theiszen 
(Kaiserlich. Akad. Wissensch. Wien, Math.-naturw. Kl., Denkschr., 
83:239. 1911); from Cuba by Berkeley and Curtis (Journ. Linn. 
Soc. London, 10:318. 1868) and by Murrill (Mycologia, 11:22. 
1919); from Guadeloupe and Martinique by Duss (Flore crypto- 
gamique des Antilles frangaises, p. 238 (or 28). 1904), as Leptoporus; 
from Nicaragua by Ellis and MacBride (Bull. Lab. Nat. Hist. State 
XJniv. Iowa, 3:191. 1896) and by C. L. Smith (no. 81, Central 
American Fungi, 1896 — Farlow Herbarium specimen sterile and 
uncertain); from Paraguay by Spegazzini (Bol. Acad. Nac. Cienc. 
Cdrdoba, 23 : 425. 1919); from Venezuela by Patouillard (Bull. Soc. 
Myc. France, 4:35. 1888). 

The New York State College of Forestry 

Syracuse, New York 




NEW AND INTERESTING SPECIES 
OF BASIDIOMYCETES. II* 

ROLF SINGER 

D URING a period of five years (1940-45) a large number of 
new and incompletely known species of Basidiomycetes from 
many parts of the world have accumulated “in schedulis” and in 
my notebooks. Some of these have appeared in the first part of this 
paper, and more will be published in future supplementary series. 

VIII. Two New Boletes 

Suillus ruber Sing. & Sipe sp. nov. 

Pileo laete rubro, maculis obscurioribus adsperso, viscido, sub- 
fibrilloso-verruculoso in siccis, maculis sordide carmineis, interstitiis 
pallidis, forma magnitudineque Boletum picturn aemulante. Hy- 
menophoro viridulo-flavo in maturis, poris tubulisque in siccis 
colorem eorum Suilli tomentosi (Kauffm.) Sing. (Boleti tomentosi 
Kauffm.) simulantibus, poris angustis, vix amplis, adnatis; sporis 
pallide melleis vel melleis, paucis castaneo-brunneis, levibus, de- 
pressione suprahilari carentibus, tenuitunicatis, 7.8-9.S X 2-3.4 p; 
basidiis 20-21 X 5.5-6.2 /x, tetrasporis; cystidiis aut 24-32 X 4.8- 
5.2 fJL, hyalinis, fusoideis, aut usque ad 50 X 7.5 /x, brunneo-incrusta- 
tis, clavatis, ambobus typis in eodem hymenophoro constanter 
praesentibus, secundi typi cystidiis in maculis minutissimis con- 
centratis. Stipite flavo, glanduloso, solido, apicem versus subat- 
tenuato, evelato; glandulis e dermatocystidiis versiformibus, pie- 
rumque fusoideo-cylindraceis vel fusoideo-subampullaceis, fortiter 
castaneo-incrustatis, confertissimis, 35-85 X 4.5-12.5 /x consistenti- 
bus; elementis aliis heterogenis (dermatocystidiis typi alterius, 

* The first part of this paper appeared in Mycologia , 37:425-439. 1945. 

The color terms used in this paper are those of Richard Crawshay, The Spore 
Ornamentation of the Russulas (London, 1930); A. Maerz and M. Rea Paul, 
Dictionary of Color (New York, 1930); R. Ridgway, Color Standards and Color 
Nomenclature (Washington, D.C., 1930); E. SSguy, “Code universel des cou- 
leurs,” Encyclopidie pratique du naturaliste } XXX (Paris, 1936). 
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dermatopseudoparaphysibus, dermatobasidiis) nullis vel perpaucis 
visis. Came in pileo alba, in stipito flava, caoralescente in ambobus 
quando fracta est; odoro nullo notabili; sapore miti. Sub coniferis 
(Picea Engelmannii et Pino Murrayana cum qua probabiliter my- 
corrhizam format), Septembri mense. Odell Creek, Oregon, U. S. A. 
occidentalis, America Borealis. F. P. Sipe, 333 (Fli). Vide PI. I. 
Inter Granulatos Sing, pileo rubro unica species, atque carne caeru- 
lescente eximie distincta est; fortiter e Hirtellinis. 

Xerocomus indicus Sing. sp. nov. 

Pileo flavo, tomentuloso, pulvinato, levi, 10-20 mm. lato; cuti- 
cula ex hyphis filamentosis, plus minusve gelatinescentibus composita. 
Iiymenophoro tubuloso, haud convexo; tubulis concoloribus cum 
pileo, longis, adnatis vel decurrentibus, poris concoloribus, pro 
ratione amplis, angulatis; sporis olivascente-brunneis in cumulo, 
sub microscopio melleis, parvulis, 5-6.5 (7.5) X 3.2-3.5 (3.7) /x, levi- 
bus, depressione suprahilari ^ubnulla; basidiis tetrasporis; cystidiis 
parvulis, sparsis; tramate in adultis typi Phyllopororum. Stipite 
subconcolori vel magis brunnescente, pro ratione firmo, subglabro, 
solido, subaequali, pilei diametro longiore, tenui; mycelio sparso, 
flavo. Carne subconcolori cum superficiebus; odore saporeque 
baud notatis; hyphis fibulis destitutis. In terra sub Saccharo manja 
Roxb. Ladhar St., India Orientalis. Sultan Ahmed, 44 (FH). 

Observations. — The present collection does not afford an op¬ 
portunity to examine the structure of the young stages, yet a com¬ 
parison with Xerocomus brasilicnsis (Rick) Sing, shows that these 
species must be extremely close, apparently belonging to the same 
section (Brasilienscs Sing.). It cannot be established at present 
whether the pilous is ever viscid in fresh condition, but it may be 
assumed that it is. The main difference between this and X. brasi- 
liensis is the smaller spores of X. indicus. 


RUSSULACEAE 

IX. The Genus Lactariopsis Henn. 

The group of agarics belonging in Lactariopsis was characterized 
by R. Heim in 1938 and by me in 1942, its status in both accounts 
being lowered to subgenus or section (of Lactarius). But in 1941 
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I received a collection of African fungi for determination among 
which were the original Lactariopsis Zenkeri Henn. (which is closely 
related to Lactarius Pandani Heim) and, also, a gymnocarpous 
species closely related to Lactariopsis Zenkeri . I was preparing this 
manuscript, in which I regarded the gymnocarpous species as new, 
belonging to an emended section Lactariopsidei (Henn.) Sing, (or 
Lactariopsis [Henn.] Heim as subgenus), when a set of papers 
published by R. Heim during the war reached me. Heim had, in 
one of these articles, not only described the same species (though 
without a Latin diagnosis, which is now supplied) that was de¬ 
posited here under a new herbarium name, but also emended Lac¬ 
tariopsis much as I had intended to emend it. Heim says (. Boissiera , 
7:276. 1943): “On peut 6tablir ce sectionnement, croyons-nous, 
sur l’existence d’un rev&tement persistant, pileux ou membraneux, sur 
celle de cystides faciales, et secondairement sur des spores ovoides- 
ellipsoides k ornementation du type finement rdticuld-verruqueux, 
enfin k l’habitat lignicole (bois mort) ou propre a un humus ligneux.” 

KEY TO THE SPECIES OF LACTARIUS, 

SECTION LACTARIOPSIDEI 

A. Pileus up to 30 mm. broad, without radial folds or veins; veil annular 
in most instances; Cameroons and Liberia 

Lactarius Zenkeri (Henn.) Sing. 

A. Pileus larger; surface with radial folds or veins; veil annular or appen- 
dieulate or wanting 

B. Veil present; odor none; Madagascar. Lactarius Pandani Heim 

B, Veil none; odor disagreeable; C6te d’Ivoire, Haute-Guinde, Liberia, 

Cameroons. Lactarius gymnocarpus Heim 

I have nothing to add to the description of Lactarius Pandani 
Heim; see Les Lactario-Russules du domaine oriental de Madagascar 
(Paris 1938), page 37. 

Lactarius Zenkeri (Henn.) Sing., Ann. MycoL, 

40: 111. 1942 

Lactariopsis Zenkeri Henn., Engler’s Bot. Jahrb., 30: 51. 1901. 

Pileus red brown with light-colored margin in button stage, then 
orange brown at the center, light tan at the periphery, floccose- 
pubescent, with the margin at first involute, then repand and striate, 
convex with a slight depression in the center, becoming gradually 
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flatter or even infundibuliform in some specimens, 10-30 mm. broad. 
Lamellae cream-colorod, then light tan, dirtier when bruised but 
not actually changing color, close, adnato, rather narrow (1-3 mm. 
broad); spore print not obtained. Stipe cream-colored at the apex, 
light tan below, flocculose, subequal or tapering downward, spongy- 
solid, 25-35 X 3-6 mm.; veil connecting the incurved margin of the 
pileus with the apex of the stipe and later forming an apical annulus 
in most specimens. 1 Context cream-colored in pileus and stipe; 
latex probably sparse (not noticed by the collector); odor disagree¬ 
able. 

Spores 8.5-12 X 7.5-10.5 ft (rarely reaching the upper limit), 
with ornamentation 0.5-1.2 ft high, consisting of warts or cylindric 
spines connected by fine lines, type IITa in mature spores, but in 
young spores type I or II, with the hilar appendage far off the lower 
axial pole, hyaline, oil droplet small or, more often, largo; basidia 
31-38 X 9-15 ft, 4-spored; cystidia 68-110 X 10.5-16 ft, with scat¬ 
tered to coarsely massed (as in Russula congoana ), banded contents, 
usually subcylindric with one or two ventricose thickenings at the 
base and near the apex, more rarely equal or clavate, the apex some¬ 
times with a granular crystalline incrustation; cuticle of pileus beset 
with an outer layer of hairs, these hairs thick-walled, subulate, 
nonpseudoamyloid, nonamyloid, with obtuse or subacute apex, with 
a double wall (the external one about 0.5 ft thick, the internal one 
1.5-2.5 ft thick; later the entire wall reaching 3.5 ft), 35-300 X 5-9 ft; 
gill trama consisting of laticiferous hyphae, other hyphae inconspicu¬ 
ous in young specimens, later with many connective hyphae which 
are, however, often irregularly inflated and sphaerocystoid, but the 
trama not truly heteromerous except for the upper (thicker) end 
of the lamellae near the flesh of the pileus in old specimens; mycelium 
consisting of thick-walled, hyaline, clampless hyphae; veil consisting 
of thin-walled, thin, flexuous hyphae, which at the surface often 
merge into thick-walled hairlike hyphae, all hyaline; context of the 
stipe truly heteromerous from the beginning, consisting of rather 
large sphaerocysts (e.g. 55 ft in diameter) and connective hyphae; 
all hyphae without clamp connections.' 

Habitat and distribution. — On humus and well-rotted wood, 

1 If Heim’s drawing (Les Lactario-RussuUs, p. 43, fig. 11) of the Madagascar 
species ( L. Pandani) is compared, it should be noted that the line of rupture is 
along A—B in L. Zenkeri. 
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densely gregarious to clustered, during the early rains (April). 
Cameroons (type locality) and Liberia (near Nengbe), G. W. 
Harley, 57. 

Lactarius gymnocarpus Heim (cf. Boissiera, 7: 273, 
fig. 27. 1943, sine diagnose Latina) 

Pileo radialiter venoso, subflocculoso-tomentuloso, aurantiaco- 
brunneo, subaurantio ad marginem, c. 75 mm. lato; cuticula crinibus 
crasse tunicatis obsita. Lamellis cremeo-albidis, subdecurrentibus, 
distantibus, heterophyllis, dimidiatis intermixtis, 10 mm. latis, cera- 
ceis, tenuibus; sporis albis, sub microscopio hyalinis, 7.7-11 X 6- 
8.5 y, omamentatione 0.3-1.4 y alta, subcristulata vel verruculoso- 
reticulata, asymmetrice hilatis; basidiis tetrasporis, rare bisporis; 
cystidiis fusoideis vel subclaviformi-filamentosis, acutis vel obtusis; 
tramate lamellarum sphaerocystis sat numerosis praedito. Stipite 
pileo concolori ad apicem, ad basin albostrigoso, vestito sicut pileus, 
spongioso-molli-subfragili, versiformi, base saepe sulco angustiore a 
parte altera separata. Carne in pileo alba, in stipite cremea; latice 
albo; sapore miti; odore ingrato. In humo lignoso. Africa tropi- 
calis occidentalis (C6te d’Ivoire, Haute-Guin6e, Liberia, Camer¬ 
oons). 

Observations. — In the Liberian specimens the veins of the pileus 
were anastomosing; the wall of the hairs of the epicutis was 1-5 y 
thick, thicker toward the base of the hairs, the hairs forming a 
palisade on the umbilicate, plane pileus; the spores were of two 
rather sharply separated types, either large (9-11 X 7.5-8.5 y) 
with high ornamentation (0.8-1.4 y) or small (7.7-9 X 6-7.5 y) 
with lower warts or ridges (0.3-0.4 y ); these spores were found in 
the specimens at the same time, and both evidently belonged to the 
common carpophore; the smaller ones were in the majority. The 
latter type must have been retarded in their development, for this 
is probably not a specific character. The type of ornamentation 
was, as may be expected, also rather variable in the Liberian speci¬ 
mens (II, Ilia, Illb, IV). The stipe was about 40 X 10 mm. 
The plant grew on humus in the tropical forest, solitary. 

It. Heim must choose a type specimen. According to him, the 
pileus can reach 175 mm . in diameter, the cuticle is nonseparable, 
there are 14-22 lamellae running out on the stipe into longitudinal 
veins, and the stipe is tuberculate-scrobiculate besides; the flesh 
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stains black or brown in a rather inconstant manner; the latex is 
serifluous, unchanging, and mild; FeSCh turns the context of the 
pileus a bright blue green. 

X. A South American Representative of Russula, 
sec. Pelliculariae 

Russula brasiliensis Sing. sp. nov. 

Pileo fusco, glabro, convexo, margin© late (per tertiam mar- 
ginalem radii) pectinato-fisso Coprinorum modo, acutiusculo, 40- 
50 mm. in diametro in statu vegeto aestimato; dermatocystidiis 
nullis visis; lamellis subangustis, subaequalibus, simplicibus, venis 
transversalibus connexis, liberis vel subliberis; sporis albidis aesti- 
matis (verosimiliter plus minusve B Crawshayi), sub microscopic 
subglobosis, c. 10.5 ju in diametro, ornamentation© cristato-reticulata 
(typi I, mox II-IIIa-IIIb, cristulis cuneatis verrueisquc 1.5-2 /x 
altis), membrana melleo-hyalina (subhyalina) praeditis, subsym- 
metricis Russulae annulatae modo; basidiis c. 38 X 13 /x; cystidiis 
versiformibus, membrana plerumque plus minusve incrassata in- 
structis (0.5-1.1 At), compluribus granulatione flavida impletis, 50- 
65 X 12-13 /x. Stipite subconcolori vel albido (discolorato siccando), 
tenui, subaequali vel ad apicem attenuato, ad basin indistinct© dis- 
coideo vel haud discoideo, exannulato. Came pallida, exsiccatione 
leniter fuscata; odore saporeque haud indicatis. In terra sabulosa. 
Rio Grande do Sul, Brasilia. J. Rick (ut Russula pectinata), Her¬ 
barium Patouillard (FH). 

Observations . — This species is similar to Russula pectinata , which 
is common in North America south to tropical south Florida and per¬ 
haps to Brazil. The specimen studied, however, which was sent to 
Patouillard by Rick as a sample of what he called (and published as) 
R. pectinata , is not that species because of the entirely different 
spores and surface characters. It belongs in the subsection Disco- 
podinae Heim of the section Pelliculariae Heim, whose representa¬ 
tives have thus far been collected in Africa only. The subsymmetrieal 
spores are very much the same as those found in the Discopodinae, 
and it is mainly the color of the carpophore (not bright-colored 
anywhere) that distinguishes the Brazilian species from the African 
ones. R. brasiliensis differs from R. annulata var. exannulata Heim 
in the color of the pileus, the less developed or not developed basal 
disc, the sometimes thick-walled cystidia, and probably in other 
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characters not now obvious because of the lack of notes on the 
fresh specimens. 

The structure of the cuticle of this species in unexpectedly com¬ 
plicated. The uppermost layer (epicutis) is composed of hairlike 
elements, some of which usually consist of elongated members of 
4-5.5 ju in diameter, which contain amorphous or, even, banded 
contents. These elements form a palisade immediately upon the 
lower layer. The subcutis is made up of interwoven, hyaline hyphae 
running in all directions, embedded in a gelatinous mass, and very 
loosely arranged; no clamp connections are present. Beneath the 
subcuticular layer there is a third layer of pigmented hyphae which 
are more regularly tangentially arranged, subparallel, denser, and 
not gelatinized; then, farther below, the context of the pileus, inter¬ 
mixed with numerous sphaerocysts, begins. The layer of pigmented 
hyphae corresponds to what is usually called “hypoderm” in the 
Agaricales (but not in the Russulaceae). I think that the term 
“hypoderm” would be correct in this case, and should be applied 
generally if the infra-epicuticular layer is divided into two strongly 
differentiated zones. 

XI. A New Species of Russula, sec. Compactae, 
subsec. Nighicantinae 

Russula albonigroides Sing. sp. nov. 

Pileo livescenti-griseo-fusco, dein atrofusco, levi, udo, concentrice 
canaliculato in compluribus, convexo, demum concavo, cuticula gla¬ 
bra, adnata margineque acutissimo, levissimo, tenui gaudente, 35- 
70 mm. lato; cuticula pilei submonostrata, ex hyphis irregulariter 
dispositis, fuscatis, levibus, filamentosis, 2-9 jjl crassis consistente; 
sub cuticula sphaerocystis carnis obviis (e.g. 60 p in diametro). 
Lamellis pallide alutaceis in maturis, nigricantibus, 3 mm. latis, 
angustioribus carnis crassitie aut aequantibus earn, confertis vel 
confertissimis, de centro radii pilei angustatis intus extusque, tenui- 
bus, subdecurrentibus; sporis7.7-9.5 X 6.5-7.5 (7.7) p, asymmetricis, 
ellipsoideo-globulosis, hyalinis, ornamentatione reticulata areas po- 
lygonas delimitante, 0.5-1.5 p alta (i.e. elatissima), typi II-IIIa vel I, 
spinulis, ubi exstant, plerumque cylindraceis, crassiusculis; basidiis 
35-43 X 9.5-12 p, tetrasporis, subinde fusoideis at plerumque clava- 
tis; cystidiis 58-78 X 6.5-9 p, hyalinis vel fuscatis in siccis, e tra- 
mate radicantibus, subfusoideis vel fusoideis aut subclavatis, saepe 
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capitatis vel appendiculato-capitatis, nonnullis intus vermiformiter 
granulosis; tramate subvesiculoso (sphaerocystis abundantibus). 
Stipite griseolo, nigrescento, cvolato, cylindraceo, circa 40 X 15 mm. 
Came alba, in stipite sordidc albida, fracta nigroscontc, in siccis 
nigra, in pileo submolli, in stipite dura; odore nauseoso; sapore 
ignoto, probabiliter haud fortitcr acri; hyphis defibulatis. In silvis 
tropicalibus sparse. Jove sicciore. Ganta, Liberia, April 19, 1939. 
G. W. Harley, 77, typus (FH), et Tjibodas, Java, 1908, F. v. Hohnel 
(FH). 

Observations. — The specimen from Java is preserved in the 
Hohnel Herbarium, and is determined by Hohnel as “Russula 
adustal — kaum etwas anderes.” Here the spores are slightly 
smaller, but far from comparable with spores of R. adusta. 

XII. More New Tropical Russulae 
Russula Hoehnelii Sing. sp. nov. 

Pileo flavido vel pallide brunneolo-ochraceo in maturis, ochraeeo- 
brunneo in siecis, sioco, verruculoso, verrucis densioribus eoloreque 
saturatiore centrum versus ubi superficies subintegra videtur, inter- 
dum subsquamoso-rupto, rugoso-costato supra dorsum lamellarum, 
convexo centro depresso, 33 mm. lato in siccis; epicute e crinibus 
ascendentibus, versiformibus, ad apicem rotundatis, levibus, hya- 
linis, intus haud granulosis, 3.5-6 (9) /a latis consistente; subcute 
ex hyphis plus minusve tangentialiter dispositis, subparallelo- 
subintertextis, filamentosis efformata, subtus autem gradatim in con- 
textum pilei sphaerocystis intermixtum transeunte. Lamellis ochra- 
ceorcremeis, anastomosis paucis transversalibus connexis, aequalibus 
vel subaequalibus, simplicibus, sublatis (4 mm. latis in statu sicco), 
admodum distantibus (30-35), usque ad 5 mm. distantibus ad 
marginem, adnexo-attenuatis vel subdecurrentibus; sporis in massa 
non visis; sporis 6.3-6.8 X 4.5-5.5 /*, omamentatione 0.2-0.3 n 
alta, typi VI, raro IV; basidiis gracilibus, 35-45 X 5-7 n, tetrasporis; 
sterigmatibus 4.5-5 fx longis; cystidiis paucis, subbasidiomorphis, 
saepe breviter appendiculatis; cheilocystidiis saepe e tramate ortis, 
versiformibus, saepe e cellula late cylindracea basali ecrescentibus, 
aut e compluribus talibus cellulis catenulatis ecrescentibus, e.g. 
23 X 8 n, vel minoribus; subhymenio bene evoluto, ramuloso, c. 25 n 
crasso; tramate lamellamm e sphaerocystis (e.g. 33 X 31 ju) et 
hyphis connectivis numerosis tenuitunicatis, nonnullis autem crasse 
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tunicatis (membrana usque ad 1.5 ft) consistente. Stipite concolori, 
basin versus acuminato-attenuato, sublevi, nudo, glabro vel sub- 
glabro, farcto, c. 25 X 7 mm. in siccis. Carne albida; odore saporeque 
ignotis. In terra. Tjibodas, Java, F. v. Hohnel (FH). 

Observations . — This species is like Russula archaea Heim in ap¬ 
pearance. The cuticle is much like that of R . fistulosa Heim form B, 
from which our species differs in spore ornamentation and other 
characters, e.g. the very distant lamellae. R . archaea has a similar 
cuticular layer, but is, at the same time, said to be glabrous. The 
spores of our species agree with those of R. archaea , and so do the 
cystidia, which are very scattered and inconspicuous. Our species 
differs mainly in the verruculose pileus (but the density of the warts 
on the disc is such that the surface appears almost smooth) and in 
the constantly 4-spored basidia and the thinner lamellae, which in 
R. archaea are often bifurcate or accompanied by lamellulae. 

It seems to me that Russula archaea is for the most part quan¬ 
titatively different from a few similar species, among them R. Hoeh- 
neliij R. Earlei , and R. fragilissima Heim. At one time I would have 
regarded them as belonging in subsection Elephantinae, but it now 
appears that the subsection is not so natural as the other subsections 
used in Russula. In fact, the part of the Elephantinae in which 
the species named above belong should now rather be known as 
Archaeinae Heim, whereas the type species of the subsection (R. 
mustelina = R. elephantina ), along with the subsection, is quite 
closely related to some groups of the Rigidae, rather than to the 
Compactae. In the subsection Elephantinae emend, belong R . 
elephantina Fr., R. subalbidula Murr., and probably R. persobria 
Kauffm. ex Sing. On the other hand, the species of the Archaeinae 
named above are somewhat intermediate between the subsection 
Delicinae of the Compactae and Fistulosinae of the Ingratae. 
They can be distinguished from one another by the following 
key: 

A. Spores with mostly isolated punctation 

B. Pileus up to 50 mm.; tropical species 

C. Lamellae forked, intermixed, and, comparatively, very thick; 
pileus glabrous; basidia 2-spored and 4-spored 

Russula archaea Heim 

C. Lamellae mostly simple and equal; pileus warty; basidia all 4- 

spored. Russula Hoehnelii Sing. 

B. Pileus larger; American (temperate) species. Russula Earlei Peck 

A. Spores with reticulating connecting lines between the warts 

Russula fragilissima Heim 
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Russula liberiensis Sing. sp. nov. 

Pileo fuligineo-fusco, rimosello-granuloso c vorruculis punctiformi- 
bus, centro leviore, margine extreme striato, demum infundibuli- 
formi, c. 60 mm. Into; granulis c sphaerocystis accumulate, saepc 
ovoideis, paucis in hyphas ellipsoidcas vcl cylindraceas elongatis,' 
omnibus crasse tunicatis, constantibus; pigmonto intracellular! dis- 
solutoque et granuloso-globuloso ochraceo-brunneo manifesto; mom- 
branis 0.6-2 p crassis, refringentibus. Lamellis albis, brunneseenti- 
bus fractu, sublinearibus, baud ventricosis, angustis, Iamcllulis 
perpaucis intermixtis, tonuibus, adnexis, confertissimis; sporis in 
cumulo haud visis, probabiliter albis vel albo-cremeis, sub miero- 
seopio 0.8-9.5 X 6-8.8 [x, distincte asymmotricis, subglobosis, 
plerumque 7-7.6 X 6-6.5 fx, oraamontatione 0.2-0.5 fx alta, cristu- 
lato-reticulata (typi I); basidiis c. 24 X 7 ix, totrasporis; sterigma- 
tibus 5-5.5 (x longis; cystidiis 32-53 X 4-10.5 fx, versiformibus, 
clavatis, fusoideis, etc., apice acutis vcl l-otundato-obtusis, intus 
granulosis vel corpusculis vermiformibus impletis; tramate sphacro- 
cystis numerosis praedito. Stipite cremeo-albido, tactu brunneolo- 
albido, furfuraceo-granuloso, spongioso, solido, aequali, c. 55 
X 14 mm.; granulis e corpusculis eis pilei similibus, sed magis 
elongatis, plerumque catenulatis efformatis; membris individuali- 
bus catenulae 5.5-13 /x crassis, membrana c. 0.7 fx crassa, intus 
subgranulosis. Came alba, in pileo fragili, in stipite spongioso; 
odore terreo; sapore haud notato; sulphovanillinae actione baud 
mutata sed granulis externalibus nonnullis brunnescontibus. Tn 
terra humosa, verne. Nengbe, Liberia. G. W. Harley, 50. 

Observations. — This species belongs in the subsection Fistulo- 
sinae Heim of the section Ingratae Qu61. and, because of the thick- 
walled epicuticular bodies, is closely related to Russula crassolunicata 
Sing, from North America. 

XIII. Thebe Species of Russula, sec. Decolobantbs 

Russula rubriceps (Kauffm.) Sing., Myeologia, 
35:151. 1943 

Russula decolorans var. rubriceps Kauffm., Rep. Mieh. Acad., 13:215. 1911. 

Pileus evenly red (bright emetica-ved-, “scarlet red” [R.], to 
“nopal red”), the center sometimes stained with pallid spots, 
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opaque, convex with depressed center, with smooth, later tubercu- 
late-sulcate, subacute, later obtuse and even often rounded, margin , 
large (70-90 mm. in diameter), with glabrous to subglabrous cuticle 
that is separable in the outer third of the radius, and viscid in wet 
weather. Lamellae stramineous-ochraceous when mature, broad 
(about 12 mm.), frequently intermixed with some lamellulae, anas¬ 
tomosing with low veins, some forked or all simple, not ventricose, 
adnate, later separating from the stipe, subdistant to crowded, most 
frequently close; spore print between D (Crawshay) and E, nearer 
E, but more salmoneous. Stipe white, the apex often pink, almost 
constantly ventricose, or subventricose, subrugulose, firm, even¬ 
tually somewhat fragile, 70-90 X 16-32 mm. Context white, 
reddening on injury, then becoming dark gray; red discoloration 
as well as subsequent gray one especially evident on stipe upon the 
slightest scratch. Odor of the fresh context none, later like that of 
cheese (Camembert); taste mild. 

Spores 8-10 X 7-8.5 p, yellowish, short-ellipsoid-subglobose, 
echinulate, ornamentation projecting about 1.3 p, consisting of 
cylindric spines, which are usually isolated (type VI), but when ob¬ 
served under oil immersion lens can be seen to have extremely fine 
lines connecting some of the spines (IV, Illb, lib), rarely some of the 
spines fusing into each other to form short ridges (II-IV); basidia 
30-39 X 10-10.8 p, 4-spored; sterigmata 7 p long; pseudocystidia 
40-80 X 8-10.5 p, fusoid or clavate, obtuse, entirely and evenly 
blue in sulphovanillin, rather infrequent or, more often, rather 
numerous; epicutis with a moderate number of well-developed 
pseudocystidioid dermatocystidia shaped like those of the hyme- 
nium, usually with a large blue body in the middle when seen in 
sulphovanillin. 

Chemical characters. — Context turning red (quick and strong 
reaction) with formalin. 

Habitat and distribution. — Under various trees (Tsuga cana¬ 
densis, even in pure stands, but also in oak woods; according to 
Kauffman, under Pinus strobus and Fagus grandifolia ) in not too 
dry places in hilly woods, as well as in low places, usually gregarious, 
from June till fall. From New England west to Michigan; and 
south to Virginia. 

Observations. — Russula rubriceps is common in Massachusetts 
and can easily be distinguished from R. rubescens Beardsl. by its 
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bright red pileus and larger size. Under ideal circumstances R. 
nibescens, R. rubriceps, R. vinosa, and R. sepcrina all turn red before 
staining gray or black when scratched, and this character is of no 
value in distinguishing these species. 

Russula vinosa Lindb. ssp. occidentalis Sing. ssp. nov. 

A subspecie typica differt magnitudine majore, colore magis 
ardesiaco-violaceo vel viridello in pileo, sporis majoribus spinis 
longioribus echinatis. America Borealis occidentalis. 

Since I have already given a rather complete description based 
exclusively on this Western form, or rather race (Bull. Soc. Myc. 
Fr., 55:257. 1939), I have only to add some supplementary notes 
here. 

Pileus not only “Prussian red” (R.) or “haematite red,” but 
also frequently “deep purplish vinaceous,” and mixed with “vetiver 
green” or, later, “tea-green,” margin usually remaining “dull laven¬ 
der,” but sometimes almost entirely olivaceous with only a faint 
lilac tinge, 2 center sometimes almost black. Spore print near “Naples 
yellow,” between D (Crawshay), F, and E in a good print, generally 
nearer to E. Spores with ornamentation of type VI or, just as fre¬ 
quently, type IV, warts (1.0) 1.5 (2.0) p long, spores always of size 
indicated by me (9-14 X 8.5-12 p), never smaller. 

Distribution. — Apparently a geographic race confined to the 
states along the Pacific coast and the Rocky Mountains, U. S. A., 
having been found in Idaho (Kauffman), Oregon (A. H. Smith), 
and probably Washington (Murrill; see Burlingham, Mycologia, 
5:309. 1913). 

Russula pseudolepida Sing., Bull. Soc. Myc. Fr., 
55:251. 1939 

This very variable species has already been described from ma¬ 
terial collected by C. H. Kauffman in Maryland and was tentatively 
put in the section Rigidae, subsection Lepidinae. Abundant fresh 
material, collected in New England, enables me now to publish an 
emended description that will prove that Russula pseudolepida, in 
spite of its external appearance, belongs in the section Decolorantes, 

2 These colors are taken from notes by A. H. Smith on material from Oregon 
determined by It. Singer (Mich., FH). 
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subsection Xerampelinae. The chemical characters indicated here 
would hardly be expected, and Heim's contention that the Xeram- 
pelinae and the Lepidinae are closely related seems to become more 
likely again. 

Pileus in all colors occurring in Russula lepida , but also in some 
special colors or color combinations, such as “troubadour” (Maerz 
and Paul), “Red Cross,” “Afghan red,” “checkerberry,” “old red,” 
or an even darker red in places, or one of these vivid reds or “jasper 
red” (R.), or “Pompeian red” mixed with yellow blotches (“anti¬ 
mony-yellow” to between “maize-yellow” and “buff yellow”), 
both colors bleaching in age, the red becoming “light grayish vina- 
ceous” to “hydrangea red,” the yellow becoming “cream-buff” to 
“chamois,” sometimes also with white spots, these eventually grow¬ 
ing larger and the reddish parts disappearing more and more, not 
infrequently, also, rather pale or yellow from the beginning (much 
like the final stage of the mottled bright-red-bright-yellow form), 
with only a little pink in the middle or with the reddish color blended 
with the yellow so as to seem “zinc-orange,” smooth, usually very 
opaque when dry, subglabrous to subvelutinous, frequently sub- 
pustulose-subgranular in the very center, the cuticle separable, with 
some difficulty, part way from the margin, or in the more fragile 
forms more easily separable for up to two thirds of the length of the 
radius, with the margin smooth and rounded-obtuse, convex at 
first, then depressed in the center, 50-120 mm. broad. Lamellae 
white when young, but turning a very pale creamy ochraceous in 
age and darker when dried, sometimes whitish pruinate from the 
spores, with numerous low anastomoses, equal or subequal, medium 
broad (6-8 mm. in an average specimen), subclose to crowded, 
simple or with a few forked ones among them, variably adnexed, 
often somewhat sinuate, emarginate, adnate, or subfree; spore 
print B (Crawshay). Stipe white, but in some of the uniformly 
bright-red specimens partly pinkish red (near color shown in pi. I, 
1-2, of Maerz and Paul, or deeper), but more frequently without 
any reddish tint, glabrous, subrugulose, subequal to equal, or taper¬ 
ing downward, more rarely tapering upward, varying from medium 
or short in the firmer specimens to more elongate in the paler, fragile 
specimens, stuffed in the latter, solid in the former, 35-80 X 12- 
26 mm. Context white, firm or, more rarely, fragile, especially in 
the paler, slender forms, unchanging or almost so, rarely becoming 
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very slightly sordid, never staining distinctly yellowish or brownish 
when wounded or in age or on drying; mild (i.e. not acrid), and at 
the same time more or less bitterish to distinctly bitter; usually 
inodorous, but developing a sweetish odor (like that of Ii. emelica) 
when dried, or an odor of chocolate or benzaldehyde. 

Spores 8-11 (11.5) X 6.8-9 (9.2) n, strongly echinulate, hyaline, 
asymmetric, short-ellipsoid-subglobose, ornamentation of types 
Ilia, Illb, IV (one of these may be entirely absent in an individual 
print), often with some spines having rather thick connecting lines 
(II, II-IIIa, II-IIIb, II-IV), or with rather isolated spines (V, VI), 
but these always in the minority, projecting (0.4)0.6-0.9 p, some¬ 
times in a print a number of spores having ornamentation projecting 
up to 1.3 m; basidia 28-44 X 9.5-12 p, 4-spored, occasionally very 
few 2-spored; sterigmata 6-10,5 p long; cystidia on edges and sides 
of lamellae, not bluing in sulphovanillin, empty or granulose inside, 
the granulosity usually confined to the upper portion of the cystidia, 
62-100 X 6.5-13.2 p, more numerous at the edges, there often 
narrower and long-appendiculate or sometimes capitate, otherwise 
similar to those on the sides of the lamellae, which are versiform 
(cylindric, fusoid, subulate, short-appendiculate or nonappendiculate, 
acute or obtuse); cheilocystidia nonpseudocystidioid, scattered to 
numerous, cylindric-filiform or subulate, more rarely fusoid, re- 
fringent, sometimes branching, 2.5-7 p broad, of variable length, 
acute, more rarely obtuse; edge of lamellae simultaneously sub- 
heteromorphous (because of denser cystidia) and heteromorphous 
(because of the cheilocystidia); epicutis of pileus without psoudo- 
cystidioid dermatocystidia but with cheilocystidioid hairs or similar 
hyphae ends which have walls 0.5-1.5 p in diameter, smooth and 
hyaline; aside from these, more or less numerous primordial hyphae 
with colorless or yellow incrustations usually present, their terminal 
members often fusoid or clavate, 4-5.5 (7.5) p in diameter; hyphae 
of the subcutis thin-walled, not erect, filamentous, hyaline or with 
easily dissolving pigment, clampless. 

Chemical characters. — FeS 04 reaction on flesh, pale sordid gray, 
slowly becoming pale to dark olive gray, more distinctly olive in the 
interior of the adult stipe, more orange buff in the lamellae. Aniline, 
after about ten minutes, from light sordid red to distinctly positive, 
as in Russula xerampelina. Formalin, in interior of stipe, rapidly 
pale brown, otherwise almost negative, or negative. Phenol normal 
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(chocolate color). Methylparamidophenol, slowly to rapidly strongly 
positive (deep violet, eventually black). NH 4 OH everywhere nega¬ 
tive. KOH and HN0 3 on pileus negative. Sulphovanillin on dried 
flesh and surface of stipe exactly as in R. Zvarae (“Tommy red," 
“bonfire," soon “Red Cross," or deeper carmine purple on surface, 
“Russian calf" in interior of stipe). Chlorovanillin not deeper than 
“baby-rose,” “candy-pink,” “coral," “confetti,” “sunglow,” pal- 
lescent after a while . 3 

Habitat and distribution . — Consistently in mixed woods, usually 
near oak mingled with Tsuga canadensis or Betula sp . or both; 
generally in small to large groups; fruiting from July until October, 
most frequently (commonly in some regions) in August and Septem¬ 
ber. From New England south to Virginia; western limits un¬ 
known. 

Material studied . —New Hampshire: Alton Bay, D. H. Linder, 
1944 (FH), two collections. Massachusetts: Harvard, Harrie Dad- 
mun and R. Singer, 1945 (FH); Lynnfield, R. Singer, 1943 (FH); 
Wakefield, R. Singer, 1943 (FH). Pennsylvania: Gretna Park, 
C. H. Kauffman (as Russula borealis f. gretnana ), cotype (Mich.). 
Maryland: Tacoma Park, C. H. Kauffman (as R . aff. lepida ), 
type (Mich.). Virginia: Mountain Lake, R. Singer, 1946 (FH). 

Observations. — This species is rather frequent in its area, and is 
generally determined as Russula lepida, from which it differs 
abundantly in the lack of the dermatopseudocystidia on the pileus, 
the larger, more strongly ornamented, and, on the average, more 
reticulated spores, the reaction with FeS 04 and aniline, and other 
less important characters. It also differs from all other species of 
the Lepidinae in the reaction with FeSCh and aniline. It differs 
from R. xerampelina*m the absence of discoloration after bruising 
and in the lack of a trimethylaminous odor, also in the lack of any 
bluing bodies in sulphovanillin and in the bitterish taste. It differs 
from R. oreina Sing, in the habitat, the bitter taste, and the lack 
of brownish discoloration and of dermatopseudocystidia on the 
pileus, as well as in the colors. R . pseudolepida and R. oreina are 
characterized by the same chemical features as the other Xerampe- 
linae and by the absence of the odor which occurs in R . xerampelina 
and R . compacta . 

3 R. rosea matches pi. 1, L6, then pi. 2, L6, then pi. 3, L6, then pi. 4, L6 
(Maerz and Paul) in the interior as well as on the cortex. 
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XIV. Redescription op Russula americana 

Russula americana (Sing.) Sing., Bull. Soc. Myc. Fr., 
55:264. 1939 

Russula rosacea var. americana Sing., Bull. Soc. Myc. Fr., 54:146. 1938. 

Pileus uniformly bright red (about ‘-‘nopal red” [R.]), very 
viscid but drying rapidly, glabrous, smooth to rugulose, strongly 
shining to opaque depending on the degree of viscidity on drying, 
moderately thick, broadly convex, the center applanate or becoming 
depressed, with margin eventually slightly tuberculate-striate but 
never rounded, pellicle separable with difficulty part way from 
margin, wounds reddish or becoming so, (30)50-60 mm. broad. 
Lamellae white, becoming dull cream-color, close or subdistant, 
more often subdistant (in fully mature specimens), adnate or subde¬ 
current, more often subdecurrent (in fully mature specimens), anas¬ 
tomosing or deeply forked, a few conspicuously forked near the 
stipe, moderately broad, broadest in the marginal third; spore print 
D (Crawshay) in intensity, but tone near “Naples yellow” (R.), 
“light buff,” or “cartridge-buff.” Stipe “geranium-pink,” usually 
uniformly so up to the lamellae, though occasionally spotty, sub- 
rugulose, at least when mature, at times subpruinose at the apex, or 
almost furfuraceous, otherwise glabrous, solid or stuffed, becoming 
hollow, 40-60 X 10-15 mm., subequal or thicker at the apex. Con¬ 
text white, unchanging, but reddish under the cuticle and, often, 
along the surface of the stipe and in wounds, rather fragile (more so 
than Russula rosacea ); taste more or less rapidly intensely acrid, 
or at least with a distinct burning aftertaste; odor not remarkable. 

Spores (8.5)9-11(11.5) X (7)8.2-9.5(10.8) ju, yellowish hyaline, 
densely warty, ornamentation of type IV, V, or VI, more rarely 
Illb, projecting 0.6-1.0 n, more rarely a number of neighboring 
warts combining into a short ridge (IV-II); basidia 37-42 X 9.5- 
10.2 fx, 4-spored, pseudocystidia 60-88 X 6.8-14.5 n, usually fusi¬ 
form, the broadest part in the middle or, more often, in the upper 
third, with banded contents in almost its entire length, turning 
blue in sulphovanillin, the apex usually attenuate-rounded, rarely 
with button-like appendage, or with a crystalline hood, very numer¬ 
ous; edge of lamellae homomorphous; epicutis of pileus with 
numerous versiform dermatopseudocystidia (66-100 X 2-8 /x). 
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Chemical characters. — Chemical reactions not studied. 

Habitat and distribution. — Under conifers such as Abies and 
Tsuga, on the ground; fruiting in September and October. Western 
U. S. A. Washington: Noisy Creek, Baker Lake, A. H. Smith, 
16672 (FH), also collected by C. H. Kauffman (as Russula rosacea 
Fr.) (Mich., LE). Oregon: South Fork of Salmon River, Mount 
Hood, Gruber and Smith, 19151 (Mich., FH), 19505 (Mich.); 
swamp at Bear Springs, Mount Hood, A. H. Smith, 19221 (Mich., 
FH). California: A collection from the San Francisco Bay region, 
brought in by a member of the California Mycological Society in 
1932 (?) and determined by V. Mentzer as R. sanguinea (Bull, ex 
Fr.) Fr., which grew among needles on the ground, is probably R. 
americana (FH). 

Observations. — This beautiful species, recently re-collected and 
sent to me by A. H. Smith, is closely related to Russula rosacea Fr., 
from which it differs in the larger spores and the more fragile flesh 
and in the habitat. It also differs from R. rhodopoda Zvara in the 
different habitat, larger and less reticulated spores, and deeper 
spore-print color. R. rubicunda can be distinguished by its less 
strongly and less constantly red stipe and its habitat under hard¬ 
woods. 

TRICHOLOMATACEAE 

XY. Additional Data on Catathelasma and Armillaria 

Catathelasma ventricosum (Peck) Sing., Rev. d. Mycol., 

5:9. 1940 

Armillaria ventricosa Peck, Bull. Torr. Bot. Club, 23: 414. 1896. 

When studying the European Catathelasma imperiale (Fr.) Sing., 
I found that it had a bilateral trama (see Ann. Myc., 34:330. 1936); 
later I found that Biannularia G. Beck was a synonym of Catathe¬ 
lasma Lovej., which also includes the American species C. ventri¬ 
cosum. Mature herbarium specimens of the latter showed regular 
trama (see Rev. d. Mycol., he. cit.). Fresh material sent to me from 
Maine in 1945 shows, however, strongly bilateral trama in young 
specimens, reminding one of the boletes; yet the strongly divergent 
lateral stratum as well as the mediostratum is pallid-hyaline, and 
the mediostratum is not pigmented. 

The spores are (8) 10-18.5 X 4.2-5.S amyloid, smooth, mostly 
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10-13.5 X 4.8 ju; a print was not obtained. The basidia are 4- 
spored, enormously long (50-68 X 7.5-8 ju). The subhymenium is 
ramose but its elements are very short; all hyphae are nonamyloid, 
with clamp connections, distant septa (except the subhymenium), 
and thin walls. I have not seen any cystidia of any kind. 

KOH, NH 4 OH, formalin, and phenolaniline are all negative on 
the flesh as well as on the surface of the pileus. The taste and odor 
are the same as in fresh Cataihelasma imperiale. Only the colors 
are different in these species. The pileus is ocher-pallid or brownish 
white with grayish patches (instead of much darker as in C. imperiale ) 
and the annulate partial veil is ocher-pallid, not blackish fibrillose. 
The lamellae become pale grayish ochraceous in age, and they tend 
to separate from the flesh. 

This is a gigantic fungus, at first glance reminding one of Russula 
delica . It grows in northern coniferous woods. There is material 
preserved in alcohol from Castine, Maine, in the Farlow Herbar¬ 
ium, as well as dried materials from Pemaquid, Maine, and other 
localities. Only one specimen was determined as Armillaria Laschii 
Fr. by Farlow. The latter is undoubtedly, among all European 
species, the one that comes closest to Cataihelasma ventricosum in 
appearance, but it is little known in Europe. 

Armillaria luteovirens (Alb. & Schw. ex Fr.) Sacc., 
SylL, 5 : 75. 1887 

This species has not been studied, thus far, very thoroughly. 
Since it belongs, however, to a unique type of some taxonomic in¬ 
terest, we shall add some hitherto neglected data which were ob¬ 
tained from material collected near Budapest, Hungary, by Moesz, 
in October, 1927 (FH). 

Lamellulae abruptly rounded as in some species of Leucopaxillus 
and Amanita; trama of the lamellae consisting of a mediostratum 
flanked by a well-developed hymenopodium; the mediostratum sub¬ 
regular with interwoven broad (up to 12.5 ji), rather short (com¬ 
paratively) hyphae; the hymenopodium composed of parallel thinner 
(3.5-5.5 p) hyphae, not divergent in the stage the specimens had 
reached; subhymenium consisting of chains of very short hyphae, 
subcellular, its elements about 4.5 p in diameter; no cystidia; 
basidia 27-34 X 6-7.8 p\ spores much like spores of Amanita, 
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smooth, short-ellipsoid, thin-walled, asymmetric, with no oil drop¬ 
lets or with from one to several oil droplets, without suprahilar de¬ 
pression, amyloid, not seen in print but perfectly hyaline, 6-8 
X 4-5.5 p; velar scales of the pileus consisting of hyphae which 
are almost radiately arranged but often more or less interwoven, 
some very short, smooth, hyaline, thin-walled, much like those of 
the mediostratum; cuticle proper of the pileus consisting of sub¬ 
parallel, thin-walled, hyaline hyphae, reminding one of the structure 
of the hymenopodium, these hyphae about 2.5 p thick; all hyphae 
with clamp connections and nonamyloid. 

Observations. — This species is generically different not only from 
Tricholoma and Armillariella, but also from genera more closely 
related to it, like Leucopaxillus. It has never been reported from 
America, but some other species have been described in this country 
which, according to their characters, may eventually enter the 
genus Armillaria as emended by me. 

XVI. Redescription of Collybia ignobilis 
Collybia vulgaris Sing. nom. nov. 

Collybia ignobilis Karst, sensu auctorum Americanorum, non Karsten. 
Gymnopilus ignobilis Murr., North American Flora, 9 (5): 364. 1916. 

Pileus grayish ochraceous, dirty brownish gray, horn-gray, “tilleul 
buff” (R.), even “vinaceous buff/ 7 hygrophanous, innately radiately 
fibrillose to almost homogeneous, paler when dry, short-striate on 
the margin when wet, or persistently astriate, glabrous, smooth, 
naked, nonviscid, convex with mostly umbilicate, or at least flatly 
depressed, center, 12-26 mm. broad. Lamellae pale creamy gray, 
almost pallid, broad, slightly and partially ventricose or applanate, 
rounded-adnexed, or adnate-subdecurrent, irregularly decurrent in 
very young specimens, somewhat eroded, later often wavy at the 
edge, medium distant to distant, with concolorous edge; spore 
print pure white. Stipe paler than the pileus, subconcolorous with 
the lamellae, often nearly pallid-whitish, narrowly tubulose, longi¬ 
tudinally innately fibrillose-silky when young, later quite glabrous 
and smooth, equal or subequal, 20-40 X 1.5-5 p; mycelium white. 
Context concolorous with the surface, at least in the peripheric parts 
of the pileus and stipe, otherwise white or whitish; odor slight, 
farinaceous; taste farinaceous (and sometimes bitterish), slight. 
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Spores 6.5-8.2 X 4.8-5.3 jjl, mostly about 7.6 X 5.2 fx, smooth, 
thin-walled, nonamyloid, sometimes with one oil droplet or without 
oil droplets, or frequently with numerous small oil droplets, many 
of them crowded near the wall and making it appear to be rough 
(but this is a refraction effect; the wall is never rough in Melzer’s 
reagent, in which the oil drops disappear), almost ellipsoid; basidia 
24-35.7 X 7.S-8.5 fx, 4-spored, without carminophilous granulation; 
no cystidia or cheilocystidia; gill trama regular, consisting of parallel, 
filamentous hyphae; hyphae of cuticle radially arranged, filamen¬ 
tous, incrusted with a melleous pigment, all hyphae with clamp 
connections, thin-walled, nonamyloid. 

Chemical characters. — FeSCh reaction slowly and unequally gray, 
eventually grayish black. 

Habitat and distribution. — In various habitats, e.g. on the ground 
in woods, under trees, on lawns and the like, on dry hills among 
mosses, and on wet ground as well, most frequently in frondose (but 
also in coniferous) woods among Polytricha; gregarious; fruiting 
from June until October. Extremely common in Massachusetts, 
reported from New York and Illinois; has not been noticed by me 
in northern Europe. ( Collybia ignobilis Karst, is certainly not this 
plant!) 

Observations . — Collybia vulgaris belongs in an interesting sec¬ 
tion of Collybia, one which (because of its colors, odor, and the 
variable attachment of the lamellae) was first regarded as belonging 
to Clitocybe rather than to Collybia. The collybioid habit, how¬ 
ever, and the incrusting pigment are, among other characters, strong 
arguments in favor of Collybia. I therefore propose the following 
section: 


Farinolentes Sing* sec. nov. 

Hyphae pigmento incrustatae, sordido, subgriseo, in pileo radia- 
liter parallele dispositae. Stipes glaber. Caro haud revivescens. 
Sporae in massa albae. Species typica: Collybia vulgaris Sing, 

Other species that probably belong here are Collybia clusilis 
(Fr.) Gill, sensu Konr. & Maubl. (which differs in having larger 
spores) and perhaps what Lange calls Clitocybe pachyphylla Fr., 
unless it is a synonym of Collybia clusilis . This whole section has a 
characteristic reaction with FeS0 4 which reminds one of the genus 
Laccaria. 
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XVII. A New Species of Omphalina in the Alpine Zone 
op the White Mountains 

Omphalina oreades Sing. sp. nov. 

Pileo spadiceo-fusco vel umbrino, hygrophano, pallide umbrino 
in statu sicco, margine dilutiore, pellucide striato in humidis, neque 
viscido neque vestito, at levi glabroque, convexo atque umbilieato 
vel exumbonato vel papillato, dein centro depresso, 3-10 mm. lato; 
cutieula paulum differentiata, ex hyphis filamentosis, repentibus vel 
vix ascendentibus, subirregulariter dispositis, interdum breviter 
cylindraceis vel claviformibus, pigmento fusco epimembranali in- 
crustatis et ex ea re asperulatis efformata. Lamellis cremeo-griseolis 
vel flavido-umbrinellis, adnato-decurrentibus vel decurrentibus, ar- 
euatis vel applanato-subhorizonalibus, maturis saepius profunde de¬ 
currentibus subarcuatisque, moderate latis (1-2 mm.) vel latis 
(2-2.5 mm.), distantibus vel eximie distantibus; sporis 6.8-8.2 X 3- 
7 p, levibus, haud amyloideis, guttula centrali globosula minore 
saepe praeditis, tenuitunicatis, bis opposite curvatis (tildiformibus) 
vel parte hilari modo incurvata latus interius versus et ceterum elli- 
psoidalibus, hyalinis; basidiis 22-24 X 6 .5-6.8 p, tetrasporis; cysti- 
diis nullis; ad marginem pilei interdum cheilocystidia sparsa, parvula, 
inconspicua (16-27 X 5-6.5 jjl), ampullacea vel subcylindracea oc- 
currunt; tramate ex hyphis cylindraceis vel allantoideis vel fili- 
formibus irregulariter dispositis efformato, intermixto subregulari, 
inamyloideo. Stipite pileo concolori vel magis griseolo pallidioreque, 
pruinoso, glabrescente, aequali, curvato vel recto, farcto, 10-12 
X 1-1.5 mm.; velo nullo. Carne subconcolori superficiebus, inodora, 
miti; hyphis fibulis destitutis. In terra arenosa vel prope Polytricha 
ad fissuras rupestres solitario vel gregatim, Julio mense. In zona 
alpino-tundrica supra et ad limitem arborum in Mount Washington, 
White Mountains, New Hampshire, IT. S. A. 

Observations. — This species was collected by me in 1945 on two 
occasions. It is the only endemic species of the alpine zone of the 
White Mountains known thus far. The other species are all such 
as can stand the extreme climatic conditions of the Presidential 
Range, but are neither arctic nor alpine in distribution, belonging 
to the surrounding temperate-forest flora, which is holarctic-boreal 
or North American-Siberian or North American-boreal. The farther 
one descends into the valleys, the higher becomes the percentage 
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of American southern-temperate to subtropical species (such as 
Amanita jlavoconia , Russula compacia, Boletus rubellus ssp. bicolor , 
and similar representatives of the moisture-loving flora of regions 
that are rather warm, at least in summer; these species abound in 
New England in the summer months, but are replaced by more 
boreal species in the fall). The only other species seen at as high 
an elevation on Mount Washington (5,200-6,260 feet) as Omphalina 
oreades were Laccaria laccata and Deconica atrorufa. 

Omphalina oreades differs from other species of the section 
Genuinae Romagn. (i.e. the species without clamp connections, 
without differentiated cuticle, and without cheilocystidia or dermato- 
cystidia, with white spore deposits, without carminophilous gran¬ 
ulosity in the basidia, with nonamyloid smooth spores, with, often, 
incrusting pigment) in having a very peculiar kind of spore. 0. 
umbellifera var. abiegna (B. & Br.), which is not uncommon in the 
subalpine zone of Mount Washington, differs in color, habitat, and 
spore shape; 0. philonotis (Lasch) Quel., another circumboreal 
species, differs in size, color, habitat, and spore shape. Most of the 
remaining species of Omphalia (Fr.) Qu61. sensu lato have clamp 
connections and belong either to the section Fibulatae Romagn. 
(0. griseopallida , 0 . rmtica, 0 . pyxidata ) and so on), or to Clitocybe 
(C. hydrogramma , C. umbilicata , and so on), or to Mycena (M. 
swanetica ), or to Marasmiellus (M. tricolor , M. fibula , M. crispulus , 
M. gracilis , and so on), or to Xeromphalina (0. campanella) } or to 
Fayodia (F . bisphaerigera , F. maura), or to other genera. Omphalina 
Qu61. emend. Singer is closest to Armillariella. 

XVIII. Tropical Species of Calocybe 

* 

Calocybe cyanella Sing. sp. nov. 

Pileo caeruleo (“dusky violet-blue” [R.], “nigrosin-blue,” 
“dark madder-blue”), appresse subtomentoso, margine initio in- 
curvo, levi, piano vel subdepresso in centro, c. 30 mm. lato; epicute 
ex hyphis subparalleio-subintertextis, filamentosis, repentibus, raro 
singulis ullis ascendentibus, sed locis quibusdam dispersis abbreviatis 
et in catenulas sphaerocystarum parvularum transeuntibus efformata; 
sphaerocystis illis 4-7 p in diametro; hypodermio ex hyphis crassiori- 
bus, magis intertextis consistente et in carnem pilei transeunte, 
a qua pigmenti praesentia tantum differt; pigmento incrustante 
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membranas hyalinas sed partim in succo cellulari dissoluto, solubili 
in anunoniaco (NH4OH) et colorante alias hyphas in violaceum vel 
caeruleum. Lamellis albis, satis angustis, saepe sublaceratis, con- 
fertissimis, emarginato-rotundatis, attingentibus, an demum subde- 
currentibus(?), lamellulis rotundatis neque attenuatis, margincm 
sterilem angustum relinquentibus ibique attenuatis; sporis in cumulo 
albis, sub microseopio hyalinis, nonamyloideis nec pseudoamyloideis, 
tenuitunicatis, levibus, ellipsoidalibus, guttula conspieua carentibus, 
4-5 X 2.5-3.3 p m , basidiis clavatis, constanter tetrasporis, granula- 
tione carminophila impletis distincta, 18.5-22.5 X 4.8-5.5 p-, cysti- 
diis cheilocystidiisque conspicuis nullis, at aciebus nihilominus paene 
subheteromorphis e cheilocystidiis haud manifestis, centro ventri- 
cosis vel attenuatis, versiforxnibus, hyalinis, 18x4.5 p; tramate 
lamellarum regulari, hyalino, haud amyloideo, ex hyphis tenuibus, 
subparallelis, magis intertextis, ubi contextum pilei et aciem approxi- 
mant, consistente. Stipite caeruleo (“pale Windsor blue” [R.]) 
ad apicem, albo ad basin, glabro, aequali vel ad basin subattenuato, 
tomento basali albo, 30 X 3 mm. Carne alba, carnosa, mediocriter 
crassa; sapore farinaceo et minime amarulo; odore farinaeeo; hyphis 
omnibus fibuligeris, in came fortiter intertextis et irregulariter dis- 
positis, nonnullis membrana paulum incrassata instructis. In terra 
in dumetis tropicalibus solitario, Septembri mense. Florida, U. S. A. 

Chemical characters. — Surface of the pileus unchanging with 
NH 4 OH, aniline, and formalin, becoming purer and more dilutely 
blue with KOH; flesh not reacting with these reagents, but becom¬ 
ing slowly and not intensely positive (lilac) with methylparami- 
dophenol, eventually turning almost black. 

Type specimen. — Collected by me at Matheson Hammock, near 
Miami, Dade County, Florida, F-734 (FH). 

Observations. — The genus Calocybe Kuhn, is not uncommon in 
the American tropics. In Rick’s collections from Brazil, sent to 
Farlow Herbarium without determinations, there are at least two 
more species, and Murrill described a Collybia atroviolacea (Gymnopus 
atroviolaceus Murr.) which belongs in Calocybe. Murrill’s species, 
according to my study of the type (FLAS), is extremely similar to, 
and probably identical with, Calocybe ionides (Bull, ex Fr.) Kiihner, 
but both of the Brazilian species are new. 



126 


Rolf Singer 


Calocybe rubra Rick, in herb., sp. nov. 

Pileo carneo-rubro, centro obscuriore, levi, sphaerocystis aegre 
visibilibus in superficie. Lamellis adnexis, polymacriis, angustis, con- 
fertissimis, concoloribus in siccis; sporis in cumulo haud visis, sub 
microscopio hyalinis, levibus, haud amyloideis nec pseudoamyloideis, 
ellipsoidalibus, tenuitunicatis, 3.2-3.5 X 2-2.5 ju; basidiis clavatis, 
tetrasporis, granulatione carminophila impletis distincta, 13-17.5 
X 4.2~4.6 fx; cheilocystidiis versiformibus, in typo sparsis; tramate 
regulari, inamyloideo. Stipite concolori, albofarinaceo, 3 mm. crasso. 
Came moderate crassa; hyphis omnibus fibuligeris. In ramentis 
arborum frondosarum. J. Rick, 585, 1928 (FH). 

Observations . — Rick regarded this as a Collybia, but never 
published it. Its characters are sufficient to distinguish it, although 
better material, with more notes, is needed for certain data which 
are still lacking. 

Calocybe cyanea Sing. sp. nov. 

Pileo violaceo vel cyaneo vel coriaceo, saepe adiposo, centro 
atroviolaceo vel subatro, in siccis plumbeo-griseo vel fusco-ardesiaco 
(in typo “blackish brown [2]” Ridgwayi in centro et “deep brownish 
drab” vel “benzo brown” ad marginem, in collectione altera uni- 
colori “Hathi gray” vel “deep neutral gray”), glabro, levi vel obiter 
rugoso, margine interdum undulato, e convexo expanso applanato, 
camosulo, c. 30 mm. lato; epithelio epicuticulari bene evoluto, e 
sphaerocystis numerosis distinctissimis, 5-25 X 5-17.5 jx consistente. 
Lamellis albis, in siccis iam albidis, linearibus vel sublinearibus, 
confertissimis, acie saepe erosis, adnexis; sporis hyalinis, breviter 
ellipsoidalibus, levibus, tenuitunicatis, minusculis, 3.2-3.S X 2.3- 
3.2 fi; basidiis tetrasporis, 14-20 X 4.5-5 ix, granulatione carmino¬ 
phila impletis; tramate regulari. Stipite pileo concolori, sursum et 
deorsum albido, striatulo, subaequali, subfirmo, 30-35 X 3-4 mm. 
Came molli vel sublenta; odore saporeque haud notatis; hyphis 
fibuligeris; neque hyphis nec sporis amyloideis. In ramulis stipiti- 
busque delapsis in silvis. Porto Novo, prov. Sta Catharina, Brasilia. 
J. Rick, 1928 <FH). 

Observations. — This species differs from Calocybe rubra in the 
color of the pileus, in the fact that the lamellae remain white when 
dried and perhaps, also, in the structure of the cuticle. The type 
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is the violet form with the dark center, but in view of the identity 
of the microscopical characters, I regard another of Rick’s collec¬ 
tions, which is now evenly gray, as a variety. This variety cannot 
at present be described under a separate name since the notes on 
the fresh fungus are insufficient. C. cyanea differs from C. cyanella 
in the structure of the epicutis and in having smaller spores. 

The identity of Rick’s Clitocybe cyanea could not with certainty 
be established, but considering the colors of the plant he describes, 
its occurrence in Brazil, and the variability in the form of attach¬ 
ment of the lamellae in Calocybe, it might be Calocybe cyanea . The 
spores would have been indicated incorrectly by Rick, if my sus¬ 
picion regarding the identity of these species is justified, and the 
caespitose habit would be the only distinguishing character remaining 
between them. I have purposely chosen the same specific epithet 
in order to avoid a change if they should later prove identical. 

XIX. A New Afkican Species of Hydropus 
Hydropus (Kuhner) Sing. 4 

Pileo cheilocystidiis latis, interdum sphaeroeystoideis erectis, 
tenuitunicatis, demum ruptis tecto; pigmento tristi vel nullo; 
hyphis inamyloideis, fibuligeris; cheilocystidiis versiformibus, dis- 
tinctis; sporis albis, breviter ellipsoideis vel ellipsoideis, levibus, 
amyloideis, in cumulo albis; lamellis variabiliter adnatis vel plus 
minusve decurrentibus. Habitu suo inter Omphalinas et Collybias 
intermedium genus. In lignis et in humo lignoso in zonis temperatis 
et tropicalibus. Typus generis: Hydropus fuliginarius (Batsch ex 
Fr.) Sing., Mycologia, 35:160. 1943. 

Hydropus africanus Sing.sp. nov. 

Pileo fumoso (“smoke-gray” Ridgwayi), griseo-olivaceo-striato, 
breviter subsulcato, tomento squamisque destituto sed probabiliter 
pruinoso in statu vegeto, convexo vel subapplanato, in siccis umbili- 
cato, 20-25 mm. lato; epicute e dermatocystidiis numerosis, erectis, 
subhyalinis, caducis, e,g. 30 X 11 M formata; hypodermio crasso, 

4 The section Hydropus Kuhn, of Mycena has been taken over by me under 
a new status, that is, as a genus ( Mycologia , 35:160. 1943; Lloydia, 5:129. 
1942). Since Kiihner has not given a Latin description of his new group, I 
supply it here. 
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brunneo-fusco, ex hyphis cylindrico-filamentosis repentibus efformato. 
Lamellis pallidioribus, subalbidulis, late adnatis vel subdecurrenti- 
bus, latissimis et saepe subventricosis, ad basin suam venose an-, 
astomosantibus, polydymis; sporis in cumulo albis, sub microscopio 
hyalinis, asymmetricis, globulosis vel subglobulosis, tenuitunicatis, 
levibus, membrana simplici, leniter sed distincte amyloidea in¬ 
structs, 6-7.7 X 5-6.3 basidiis granulatione carminophila de¬ 
stitute, tetrasporis, c. 30 X 7 jul; cystidiis nullis; cheilocystidiis 
versiformibus, e.g. ampullaceis vel clavatis vel bis ventricosis, 
etc., 20-33 X 3.5-7 jjl; tramate subregulari, e cellulis elongatis, 
voluminosis, inamyloideis consistente. Stipite pileo concolori, 
subpruinato, tomento basali subdestituto, arrhizo, subaequali, sub- 
cartilagineo, tubuloso, 22-30 X 1-2 mm. in siccis, pruina e derma- 
tocystidiis eis pilei analogis sed saepe latioribus formata; hypodermio 
stipitis ex hyphis subcrasse tunicatis, parallelis, longitudinaliter dis- 
positis consistente; hyphis omnibus fibuligeris. In lignis putridis. 
Firestone No. 3, Du River, Liberia, Africa, July 27, 1926. D. H. 
Linder, 130 (FH). 


XX. Notes on Some Species Intermediate between 
Marasmiellus and Marasmius 

Marasmiellus tricolor (Alb. & Schw. ex Fr.) Sing. comb, 
nov. (Agricus tricolor A. & S. ex Fr., Syst. Myc., 
1:166. 1821); forma americana forma nov. 

A forma typica lamellis tarde leniterque lutescentibus differt. 
In viis silvestribus gregatim aestate, Arlington, Massachusetts, 
U. S. A. R. Singer (FH). 

Pileus pure white, later whitish, nonviscid, nonhygrophanous, 
subsulcate, convex-umbilicate, sometimes the margin eventually up¬ 
lifted, always sulcate and crenate in age, sometimes with a tiny 
papilla in the umbilicus, the umbilicus eventually becoming slightly 
alutaceous, slightly adpressedly subfibrillose at first, later perfectly 
glabrous but unpolished, 5-12 mm. broad. Lamellae white, in 
many older specimens still whitish, in others becoming light orange 
or at least with an indistinct orange hue, distant, simple, entire, 
medium to rather broad, adnate-subdecurrent and subhorizontal, 
later decurrent and descendent; spore print white. Stipe white at 
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the apex, later becoming gray at the base, sometimes almost black¬ 
ish below, opaque, subfibrillose to pruinate-subfibrillose, usually 
rather short, 0.5-1 mm. thick. Context white, tough in the stipe, 
elastic-soft but not fragile in the pileus, perfectly inodorous. 

Spores 10-11.5 X 4.8-5 hyaline, thin-walled, nonamyloid, 
fusoid-ellipsoid, with a globose central oil droplet, smooth; basidia 
35-42 X 7-8 p, 4-spored; basidioles cystidiform, fusoid; pseudo- 
paraphyses with large vacuoles, occasionally cystidiform, but real 
cystidia and well-differentiated cheilocystidia absent; epicuticular 
covering of pileus and stipe of the Rameales structure (echinate 
irregular bodies: “diverticulate,” but not in palisade or forming 
an epithelium); all hyphae with clamp connections, nonamyloid. 

Observations . — I have not studied the type, but, according to 
the description, I expect that Marasmius vialis Peck is the same 
form. Both grow along the forest paths on bare soil in summer, 
both are met with in the northeastern United States. There is not 
the slightest doubt that our form is conspecific with what is usually 
called M. tricolor or Omphalia tricolor in Europe. The spores are 
about the same size as those described by A. Ricken for 0. tricolor , 
slightly smaller than those described by R. Kiihner for his M. tri¬ 
color var. sciodes. They are much smaller than those in the closely 
related species Marasmiellus caespitosus (Pat.) Sing. comb. nov. 
(Clitocybe caespitosa Pat.) of North Africa, the type of which I 
have studied. Although Patouillard himself indicates that the 
spores of his species are much smaller, they are, when mature, 
12.5-19 X 5-6.5 p, mostly 14-16.5 p long, and the cystidia are 
lacking; the irregular nodulose and dendroid-branched hyphae of 
the epicutis of the pileus and stipe are nearly the same in M, tricolor 
and M. caespitosus . I have not personally studied specimens of M. 
Trabutii Mre. (1909), but it seems to me that there is very little to 
distinguish this species from M. caespitosus (Pat.) Sing. The 
variety with smaller spores later described by Maire is a counterpart 
of the small-spored form of H. tricolor described above. 

According to Kuhner's classification of Marasmius, these species 
would enter the section Rameales Kuhn. In view of the transitional 
character of certain tropical species such as Marasmiellus semiustus 
(Berk. & Curt.) Sing, and of certain European {M. candidus (Bolt 
ex Ft.) Sing.) and Asiatic (M. pseudoconidiophorus) species between 
Marasmius, Rameales, and Marasmiellus (= Hemimycena) I pre- 
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fer to transfer the section Rameales to the genus Marasmiellus, 
including the following species: M. ramealis (Bull, ex Fr.) Sing, 
comb. nov. (M. ramealis (Bull, ex Fr.) Fr.); M. anthocephalus (Sacc.) 
Sing. comb. nov. (M. anthocephalus Sacc.); M. rugulosus (Berk. & 
Curt.) Sing. (itf. rugulosus Berk. & Curt.); M. nigripes (Schw.) 
Sing. comb. nov. (Heliomyces nigripes (Schw.) Morgan; M. caesius 
Murr.; Gymnopus fioridanus Murr. 5 ), and several other species not 
thoroughly studied by me. The section Androsacei Kuhn, of Maras- 
mius is closely allied with the rest of that genus. 

XXI. Supplementary Data on Crinipellis and 
Chaetocalathus 

Crinipellis trichialis (Lev.) Pat., Bull. Soc. Myc. Fr., 
24:8. 1908 

In my monograph on Crinipellis and Chaetocalathus {Lilloa, 
8:511. 1942) I had to put this species among the “species incertae 
sedis.” Additional material discovered in the Hohnel Herbarium 
(FH) under Lentinus sp. indeL has furnished enough descriptive 
data, however, to make it possible to dispose of the species within 
the subdivisions of the genus Crinipellis. 

Crinipellis trichialis is macroscopically characterized by an um- 
bonate pileus with a strongly hairy center from which emerges a 
brushlike hood consisting of erect fascicles of hairs, which are com¬ 
parable in color to those of Lentinus crinitus (the darker forms); 
the lamellae are whitish and medium broad. Hohnel's material 
came from Buitenzorg, Java, and was collected on bamboo. Most 
of the hairs of the pileus are needle-like, often ladder-like at the 
apex, but a few are narrowed toward the apex and then suddenly 
rounded; they are golden melleous or (some) subhyaline; all are 
distinctly pseudoamyloid; they measure 5-9 p in diameter, and the 
walls are 1.5-3.5 p thick. The cheilocystidia are strongly incrusted 
with an amorphous resinous mass; they are numerous (edges of gills 
are heteromorphous) and measure 20-35 X 5.5-8.3 p ; a minority 

5 Not to be confused with Marasmius fioridanus Murr., a common species 
of Marasmius of the warm zones of the Americas, and probably but a synonym 
of M. fulviceps Berk. I have studied the types of Gymnopus fioridanus and M. 
fioridanus, and of M. caesius , and also collected this well-characterized and 
common species in New York and Florida. It belongs to the Rameales group 
in spite of the unusual shape (angular) of its spores. 
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are entire or clavate, with sterigma-like clavulae at the apex, usually, 
however, with 2-4, rarely more, ramifications that branch off in 
the middle, or more commonly in the upper portion, of the cheilo- 
cystidium. The cystidia (pleurocystidia) are thick-walled or solid, 
opaque and refringent, mostly fusoid or narrowly clavate, hyaline, 
often with an appendage or a button-like tip, about as large or some¬ 
what larger than the cheilocystidia, and numerous all over the sides 
of the lamellae. The spores are 8.2-8.8 X 5.5-5.8 jjl, the ones that 
remain on the lamellae or on the hairs after maturity has been reached 
often become still larger, reaching 10.3 X 6.8 p; they are short- 
ellipsoid (quotient Q not less than 1.5), nonamyloid, thin-walled, 
unicellular in age, hyaline or eventually becoming yellowish-hyaline, 
and without suprahilar depression. The hyphae are hyaline, thin- 
walled, nonamyloid, with clamp connections. 

The conclusion is that this species belongs in the section Eu- 
crinipellis, subsection Heteromorphinae, together with the African 
species Crinipellis minutula (Henn.) Pat. 

Crinipellis minutula (Henn.) Pat., Ess. tax. Hym., 
p. 143. 1900 

Lentinus minutula Henn., Engl. bot. Jahrb., 23: 547. 1897. 

Naucoria minutula Pil&t, Ann. Myc., 34:123. 1936. 

Phaeomarasmius minutulus Sing., Ann. Myc., 41:151. 1943. 

In my Monographic Study of the Genera Crinipellis and Chaeto- 
calathus (. Lilloa , loc. tit .) I adopted Patouillard’s transfer of this 
species from Lentinus to Crinipellis, and made it the type species 
of a new subsection (see preceding species). This was done on the 
basis of the material preserved in the Patouillard Herbarium, which 
was sent to Patouillard by Hennings and which may now represent 
the last remaining authentic material of this species. The part of 
the type that was preserved at Berlin-Dahlem (now probably de¬ 
stroyed) was studied by Pilat, who described the spores as colored, 
very small, and somewhat verrucose. This description, together 
with that of the hairs of the pileus (rather correctly described by 
Pil&t), caused me to consider the plant a species of Phaeomarasmius 
(this combination was made long before I had a chance to see the 
type and was entirely fide Pilat). Since the rest of Pilat’s description 
fits our part of the type rather well, only the spores being different, 
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I am convinced that here we have a duplication of what happened 
with Lentinus cubensis, in treating which Pil&t described mold spores 
as basidiospores, and that otherwise his and my material are identical. 
Consequently, my disposal of this species in Lilloa was correct, and 
the combinations in Annales Mycologici , 1936 and 1943, based on 
Pilot's error in the description or interpretation of the spores, should 
be disregarded. 


Chaetocalathus craterellus (Dur. & L6v.) Sing., Lilloa, 
8:518. 1842 

On pages 517-520 of the monograph cited above, this species was 
referred to its correct position and redescribed. A few supplementary 
notes and the correction of two unfortunate printing errors will, 
however, help avoid possible misunderstandings about Chaetocala¬ 
thus craterellus . 

In the key, under A I, the manuscript should read: “Stipe rudi¬ 
ment distinct, button-shaped. No pseudoamyloid cystidia present.” 
The description of Chaetocalathus craterellus says “ cystidia none.” 
This statement is correct. The description fails, however, to men¬ 
tion the existence of cheilocystidia, which are numerous on the 
heteromorphous edge of the lamellae. They are polymorphous, a 
majority usually being forked or having small ramifications in the 
upper portion, hyaline, without contents, nonpseudoamyloid, and 
rather thin-walled. The hairs of the pileus often reach 7.5 \x in 
diameter. The spores were found to be 7.5-8 X 3.8-5.3 fi in other 
collections (which is in agreement with my description in Lilloa ). 
The extension of the geographic area of this species to the tropics 
proper was in need of confirmation when my paper was written. 
Now I am in a position to assert the existence of C. craterellus in 
tropical Africa, for it was among material collected by G. W. Harley 
in Liberia. It differs from the Mediterranean materials merely in the 
lamellae being attached to the rudiment of the stipe, which is 
here rather small and, in some specimens, flattened to a mere disc, 
whereas in other carpophores it appears to be rather distinct. This 
tiny difference does not warrant the distinction of a tropical race or 
form. According to my present knowledge, C. craterellus occurs in 
the entire Mediterranean region, through the tropical belt of Africa, 
and along the western coast south to South Africa (if the latter 
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station is cited correctly by Pilat). This area is rather unique in 
mycology and can only be explained by a more detailed geobotanical 
investigation of the localities involved. The habitat in Liberia may 
possibly belong to the more xerophytic associations of that region. 

The second error occured in the same key. Line B II b was 
omitted by the printer. It should read: “b. Pileus not red.” 

XXII. Position and Synonymy of Clitocybe illudens 
Omphalotus olearius (DC. ex Fr.) Sing. comb. nov. 

Agaricus olearius DC. ex Fr., Syst. Myc., 1: 273. 1821. 

Pleurotus olearius Gill., Hym. Fr., 1:344. 1878. 

Agaricus illudens Schw., Schrift. Naturf. Ges. Leipzig, 1:82. 1822. 

Clitocybe illudens Sacc., Syll., 5 :162. 1887. 6 

American material of the species described as Clitocybe illudens 
is specifically identical with European material known as Pleurotus 
olearius . Both species have abundant clamp connections and 
peculiar cystidia (two types), which are, perhaps, more properly 
described as pseudoparaphyses or cystidioles. One of these types 
occurs most frequently on and near the gill edges and originates 
from a basidium whose sterigmata (from one to several) take the 
shape of appendages, become much longer than usual, and fail to 
discharge .spores; the upper part of the appendage is, however, 
occasionally separated from the “cystidium.” In the other type of 
“cystidium,” the lower portion is likewise basidiomorphous, but the 
apex is button-like, and it remains sterile; this “cystidium” is 
often found on the sides of the lamellae, also. The context turns 
cinnamon color (positive) with methylparamidophenol and is stained 
grayish by FeS04. Other reagents (HNO3, KOH, NH4OH, aniline, 
formalin, and so on) cause no, or very little, change in color. The 
wall of many of the spores tends to become rather thick (though 
simple), a character reminiscent of Armillariella. The trama is 
rather irregular, without the slightest trace of bilaterality, and with 
a general trend toward an axillar arrangement; some of the hyphal 
walls are moderately thick. 

All these data prove that the species belongs neither to Clitocybe 
nor to Pleurotus, and it cannot be regarded as a species of Armil- 

e Additional synonyms are indicated by R. Maire {BuU. Boo. Hist. Nat . 
Afr. Nord f 7:191. 1916) and by Konrad and Maublane {Icon. Selectae, 6:335. 
1937). 
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lariella because of the absence of clamps in the latter genus. The 
general appearance, the luminescence, and the strong pigmentation 
make it outstanding enough to warrant separation into an autonomous 
genus, as was suggested by Fayod fifty-seven years ago. Since 
Fayod did not actually make the combination Omphalotus olearius, 
I propose it here as the valid name of this species. 

XXIII. Two New Species of the Pleurotoideae 
Pleurotus floridanus Sing. sp. nov. 

Pileo albo vel centro pallide alutaceo, subtiliter villosulo vel sub- 
glabro, levi vel sublevi et ad marginem haud sulcato, convexo, dein 
irregulariter concavo, statu intermedio subpiano saepe observato, 
mox infundibuliformi, 30-75 mm. lato. Lamellis albis in vegetis, 
confertissimis, angustissimis (1 mm. latis), integris ad aciem, pro- 
funde decurrentibus; sporis albis, sub microscopio hyalinis, levibus, 
haud amyloideis, ellipsoideis vel subcylindraceis, 4-5 X 2-2.8 /z; 
basidiis tetrasporis, 20 X 4-4.8 /z; cystidiis numerosis, crassitunicatis 
vel ad apicem solidis, crystallino-capitatis in compluribus, fusoideo- 
ampullaceis vel ventricoso-capitatis, fortiter ventricosis in centro, 
20-25 /z projicientibus, apice obtuso instructis, haud pseudoamyloi- 
deis, membrana 0.7-4 jjl crassa, plerumque plus 1 /z, saepe 1-2 /z 
crassa, hyalina praeditis, 31-56 X 8-13.5 /z; tramate ex hyphis 
hyalinis, intertextis, tenuissimis, membranis subincrassatis instructis 
efformato, haud amyloideo; subhymenio lato, distincto. Stipite 
albo, demum pallide brunneolo, subtiliter villoso, basin versus sub- 
attenuato vel irregulari, saepe ramuloso, solido, saepe concrescente, 
14-40 X 3-10 mm.; tomento basali fibrilloso, ex hyphis filamentosis, 
fibulatis consistente, hyphis terminalibus saepe clavatis atque usque 
ad 7 /x latis. In truncis frondosis (indeterminatis, vetustis). High¬ 
lands Hammock State Park, Highlands County, Florida, U. S. A. 
R. Singer, F-217 (FH). 

Observations. — This species differs from the known species of 
Panus in being white and in having a distinct subhymenium. Other 
white species of Pleurotus lack the characteristic cystidia. 

Resupinatus chilensis Sing. sp. nov. 

Pileo in siccis griseolo, sub lente tomentoso, dimidio externo sul¬ 
cato, resupinato, anguste campanulato, pendulo, base attenuata 
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adnexo, margine primum incurvato, dein obtuso, 1-2 mm. lato; 
cutieula consistente ex hyphis jacentibus, intertextis, densis neque 
gelatinosis, indistinctis incrustationis causa, saepe ramulos breves 
emittentibus, ad aciem lamellarum de margine pilei transeuntibus. 
Lamellis pallidioribus, venosis, acie obtusis, ad marginem tomentosis, 
ascendentibus, radiantibus, angustissimis, subanastomosantibus, dis- 
tantibus (interdum una vel tribus tantum), parte sua interiore ap- 
proximantibus sese ita ut hymenophorum frequenter porosum 
(Favolaschiarum modo) videatur; sporis 6.3-7.5 X 4.2-6.3 fx, regu- 
lariter breviterque ellipsoideis, hyalinis, levibus, inamyloideis, te- 
nuitunicatis; basidiis 28-29 X 6.3-7 p; corpusculis sterilibus in 
hymenio nullis, sed cheilocystidiis indistinctis pseudophysoideis 
observatis; tramate ex hyphis hyalinis, irregulariter undulosis in 
massa gelatinosa, tenuibus, hand amyloideis, fibulatis consistente. 
Carne exigua. In lignis mortuis; admodum gregatim. Prope Punta 
Arenas, Chile. R. Thaxter (FH). 

Observations . — This species differs from most other species of 
the genus Resupinatus (= Scytinotopsis Sing.) in the strange, nar¬ 
rowly bell-shaped carpophores and the narrow distant lamellae. 

XXIV. Tramal Structure and Taxonomic Position of 
Termitomyces Heim 

Termitomyces eurhizus (Berk.) Heim, Arch. Mus. Nat. 
Hist. Natur., VI, 18:140. 1943 

Rajapa eurhiza (Berk.) Sing., Lloydia, 8:143. 1945. 

Additional material that has come to my attention shows clearly 
the bilateral hymenophoral trama. The material consists in part of 
well-preserved young caps gathered in Indo-China; older speci¬ 
mens of the same collection show the trama exactly as described 
by me ( loc . tit .), i.e. regular. The mediostratum is composed of 
parallel, densely packed, and rather thin clampless hyphae; the 
lateral stratum consists of less straight, less densely arranged hyphae, 
curved and divergent from the mediostratum toward the hymenium. 
All these specimens are ringless, and it is probable that the specimens 
sent to Patouillard by Petch (FH), with distinct annulus and heavier, 
larger carpophores, are, though certainly closely related, nevertheless 
specifically different (Agaricus albuminosus Berk.). 

The trama found in these specimens from tropical Asia is com- 
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parable to the trama of Limacella (where, however, the septa are 
clamped), rather than to that of Pluteus and Yolvaria. This assures 
the genus autonomy even among the Amanitaceae, if it should be 
transferred there on the basis of the tramal anatomy. 

War conditions made it impossible to keep informed of papers 
appearing abroad, and I have unfortunately published a new generic 
name (Rajapa) for a genus already described by Roger Heim. 
Nonetheless, the fact that both Heim and I, starting from entirely 
different material and different experiences, have come to practically 
the same result independently, viz., the erection of an autonomous 
genus for species of the type Termitomyces eurhizus , and the like, 
is in itself very satisfactory. We now have one more unnecessary 
synonym, but we also have conclusive proof that two authors, who 
sometimes differ on minor matters of taxonomy or in problems of 
theory, but both of whom use the methods of modern mycological 
taxonomy, will arrive at the same solution in systematics if all 
factual observations are correctly made. 

As for Heim's work, I refer the reader to the following publica¬ 
tions (1940-43): 

1. Culture artificieUe des mycotetes .... Comp. r. Acad. Sci., 210:410-412 

1940. 

2. Etudes descriptives et expdrimentales sur les agarics termitophiles d’Afrique 

tropicale. Acad. Sci. Inst. France Mem., 64:1-74, pis. I-X. 1941. 

3. Les Termitomyces dans leurs rapports avec les termites pretendus cham- 

pignonnistes. Comp. r. Acad. Sci., 213:146-148. 1941. 

4. Les Champignons des termiti&res. Rev. Scient., 80 (3205): 69-86. 1942. 

5. Nouvelles Etudes descriptives sur les agarics termitophiles d’Afrique tropicale. 

Arch. Mus. Nat. Hist. Natur., 18: 107-166. 1943. 


Termitomyces LeTestui (Pat.) Heim, Arcb. Mus. Nat. 
Hist. Natur., VI, 18:109. 1943 

The type of this species is preserved at the Farlow Herbarium. 
Since the tramal structure was not known, I compared the part 
of the type marked “6tat jeune” — all three collections are identi¬ 
cal, by the way, even the “forme sans anneau” — and found the 
trama bilateral, with axillarly arranged interwoven hyphae composing 
the mediostratum and looser, more hyaline, curved-divergent hyphae 
for min g the lateral stratum. All these hyphae are rather thin, fila¬ 
mentous, and nonamyloid, devoid of clamps. 

The data above show that in the deep-colored, large species of the 
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African Termitomyces the trama is bilateral, just as in the Asiatic 
species. They also show that Heim was right in his delimitation 
of the genus. We may now conclude that the trama is bilateral 
(not reversed) in young specimens of Termitomyces and that it 
later becomes regular in this genus, the trama being a constant 
generic character here as elsewhere. The persistent absence of clamp 
connections in all species of Termitomyces gives additional evidence 
of the value of this particular character, whose importance has been 
emphasized by me in several previous papers (see Lloydia, 5:98. 
1942). 

Termitomyces congolensis (Beeli) Sing. comb. nov. 

Lepiota congolensis Beeli, Bull. Soc. R. Bot., B.: 109. 1927. 

Material has been received from Liberia (G. W. Harley, 21 
[FH]) that is identical in all characters with Lepiota congolensis 
Beeli. I have compared this material with Termitomyces LeTestui , 
which differs strongly in appearance, especially in the rugose surface 
and the peculiar shape of the pileus; yet these species are evidently 
very close to each other. It is remarkable that neither Beeli nor 
Harley mentions termites at all, but we agree with Heim that the 
long pseudorhiza obviously leads down to termite nests, which are 
invisible from above to the unsuspecting collector. 


XXV. Chlorophylltjm Mass, and Macrolepiota Sing. 

Chlorophyllum molybdites (Mey.) Mass., Kew Bull., 
p. 136. 1898 

Agaricus molybdites G. Meyer, F. Essequ., p. 300. 1818, ex Fries, Epicr., p. 13. 
1836. 

Agaricus Morgani Peck, Bot. Gaz., 4:137. 1879. 

The following description is the result of studies on fresh ma¬ 
terial I collected in Florida and compared with the type specimen 
of Agaricus Morgani Peck. I do not know whether there is a type 
specimen of A . molybdites , but it seems to be the general agreement 
that this species, very common in the American tropics, is the one 
that Meyer described. 

Pileus buffy white (rarely pinkish when still smooth and closed), 
beset with minute fibrillose to flocculose scales, which are detersible 



138 Rolf Singer 

and brownish, more so on the margin, but eventually often glabres- 
cent, the disc covered by a “wood-brown” (R) to “mummy-brown” 
cortex, which breaks up sooner or later centripetally into semi- 
erect, irregular, brown scales, not sulcate or with rather indistinct, 
very short furrows on the margin of the oldest specimens, dry, 
campanulate with broadly rounded top, then convex to conic-convex 
or globose-convex, then flatter, frequently with a distinct umbo, 
47-190 mm. broad. Lamellae glaucous-pallid, soon becoming “tea- 
green” (R.) to “dark glaucous gray,” sometimes staining reddish or 
brownish when injured, remote-free, moderately broad (up to 10 mm. 
broad), close to crowded; spore print in the color of the lamellae 
or “bice-green,” “deep grape-green,” “grape-green,” “pois-green.” 
Stipe pure white to whitish pallid, eventually with brownish stripes 
or uniformly brownish, glabrous, naked, annulate, solid, then stuffed, 
then with loose cottony stuffing in the hollow (as in Coprinus coma- 
tus), tapering upward or equal, but bulbous below, 70-200 X 10- 
14 mm., the bulb 11-35 mm. in diameter; annulus concolorous 
with the stipe, or the central layer brownish at the margin, with a 
triple border, of the structure of an annulus of the Proceri group, 
initially fixed, but by shrinking becoming movable, free, and often 
sliding down the stipe. Context white, reddening on injury or re¬ 
maining unchanged, especially in dry weather and in old specimens, 
and then the apex of the pileus “buckthorn-brown” inside and the 
context of the cortex of the stipe more or less brownish; odor very 
agreeable, of perfume or fruit, even in dried material; taste mild. 

Spores 10.2-13 X 6.8-8.8 p, hyaline to greenish hyaline, smooth, 
with thick, triple wall and distinct germ pore, the wall pseudoamy¬ 
loid, in many spores the exosporium separated from the endosporium 
by an intermembranal layer or space that often appears to be pink 
in KOH-phloxine, the entire spore, including the endosporium, be¬ 
coming bright and deep blue if dyed with neutral brilliant cresyl 
blue, the metachromatism of the wall either absent or obscured by 
the strong absorption of the blue by the spore; basidia about 42 p 
long, 11.5-12.5 p broad, 4-spored; cheilocystidia versiform (often 
clavate), 40-60 X 10-16.5 p; trama subregular, of cylindric-filamen- 
tose hyaline or greenish-hyaline nondivergent hyphae; the context 
of the stipe deeply entering that of the pileus and distinctly separate 
from the latter in sections; the brown cortex of the disc consisting 
of strongly interwoven or semierect to repent strands of parallel 
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agglutinated brownish hyphae, often partially intermixed because 
of the larger diameter of many hyphae, some hyphae with slightly 
thickened walls, most of them rather thin; annulus consisting of 
rather parallel, rather dense, hyaline, thin-walled hyphae, on its 
surface some velo-cystidia which are mostly clavate, 23-35 X 10- 
12 /x; all hyphae nonamyloid, without clamp connections. 

Chemical characters . — Methylparamidophenol reaction on the 
context negative at first, eventually turning it brown, more so in 
the stipe, less so in the pileus, even the spore print browning with 
this reagent* 

Habitat — On lawns, in plantations, in open woods and parks 
under various trees, on improved garden earth, in ruderal places, 
on sandy soil even though containing some salt, occasionally in 
abandoned gardens overgrown with second-growth tropical hammock, 
on the ground; gregarious; fruiting from April until November in 
the Northern Hemisphere, fruiting in winter in the Southern Hemi¬ 
sphere. 

Distribution. — Probably pantropical, in America reaching deep 
into the temperate zone (north to New York and Michigan), in 
Europe only in greenhouses; most abundant in America and Oceania. 

Florida material studied. — Dade County, Fairchild Tropical 
Garden, R. Singer, F-1376 (FH), Brickell Hammock, R. Singer, 
F~1376a (FH); Highlands County, Highlands Hammock State 
Park, A. Altvater, F-86 (FH); Alachua County, Gainesville, W. A. 
Murrill and R. Singer, F-86a (FH), R. Singer, F-86b, F-1953 (FH). 

Yar. luteolosperma Sing. var. nov. 

A typo sporis in cumulo luteolis recedit. 

Observations. — This variety (type from Gainesville, Alachua 
County, Florida, R. Singer, F-1953a [FH]) differs in the “deep 
colonial buff” (R.) spore print and lamellae; the context tends to 
become reddish as well as yellow on injury. It grows solitary at the 
type locality. 

Kuhner (Comp. r. Acad . Sri., 198:843 (i). 1934) indicates an 
interesting metachromatism in the spore preparations of Lepiota 
procera that were dyed with cresyl-blue. I checked on this character 
not only in L. procera but in most other species of the Proceri group, 
including such species as L. Badhamii and L. naucina, and always 
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found the pinkish to pale lilac-pink endosporium contrasting with 
the violet-pallid exosporium. All the species of Hiatula (sensu 
Heim and Romagnesi) show the same metachromatism. None of 
the species of Lepiota sensu stricto which I have checked (L. clypeo - 
laria, L. clavipes Henn., L. acutesquamosa } and so on) showed this 
metachromatism, the endosporium either appearing in the same 
shade as the exosporium or not developed at all. In a series of recent 
papers Locquin reunites the groups having spores that can be dyed 
metachromatically with cresyl-blue and having thick walls and a 
germ pore under the common name Leucocoprinus Pat. He thinks, 
as I do, however, that the groups making up this supergenus are 
eventually to be regarded as its generic elements — although he 
now treats them as subgenera. This treatment, though in my 
opinion taxonomically sound, is untenable from a nomenclatorial 
point of view, since Patouillard based his genus on a species of the 
Hiatula type (but annulate), and if Hiatula is included in the same 
genus as Lepiota procera , one has to use the older generic name 
“Hiatula” instead of “Leucocoprinus Pat.” If, however, Hiatula 
and the other subgenera are considered independent genera, it is 
obvious that the Proceri group remains without a generic name, 
unless Chlorophyllum can be considered to be congeneric with it. 
Patouillard, Heim, and I (1943) were inclined to think that Chloro¬ 
phyllum is congeneric with the Proceri group, whereas Massee, 
Murrill, and others admitted Chlorophyllum in addition to the genus 
containing the Proceri group. 

In the light of the description of Chlorophyllum molybdites above, 
I am now inclined to believe that Chlorophyllum should be generi- 
eally separated from the Proceri group. The structure (the inter- 
membranal space), color (green or colonial buff) and susceptibility 
to dye (brilliant cresyl-blue coloring the whole spore uniformly deep 
blue, like the gloeocystidia of the Aphyllophorales), the presence of a 
rather violent poisoning matter, and the absence of clamp connec¬ 
tions put this species in obvious contrast to the Proceri group. So 
long as these characters were either unknown or not considered to 
play an important r61e in the taxonomy of the Leucocoprinaceae, we 
were entitled to regard C. molybdites and Lepiota procera as congeneric. 
Now we must separate them, in spite of the external similarity of 
the carpophores. We cannot, however, exclude Chlorophyllum 
schematically from the group Leucocoprinus sensu Locquin merely 
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on the basis of the action of the dye. On the contrary, I propose 
to include Chlorophyllum Mass., together with the Proceri group, 
Clarkeinda Kuntze (= Chitoniella Henn.), Schinzinia Fayod, and 
possibly some of the new subgenera published by Locquin, in the 
same tribus, which I propose to call: 

Leucocoprineae trib. nov. 

Sporis pseudoamyloideis, crasse tunicatis, membrana duplici (vel 
triplici), poro germinativo plus minusve distincte interrupta, tinc- 
tura cresylo-cyanea (“brilliant cresyl-blue”) metachromatice tinctis 
(raro monochromatice tinctis et tunc in cumulo viridibus vel aluta- 
ceis); annulo saepe mobili, frequenter multistratoso, aut pileo ad 
marginem plicato-sulcato. Genus typicum: 

Macrolepiota Sing. gen. nov. 

Sporis majusculis vel giganteis, membrana metachromatice tincta 
tinctura cresylo-cyanea, in cumulo albis vel cremeis (vel roseis?); 
hyphis fibuligeris. Species typica: Macrolepiota procera (Scop, ex 
Fr.) Sing. comb. nov. (= Lepiota procera auctor.). 

Observations . — The tribus Leucocoprineae is here distinguished 
from the tribus Lepioteae (genus Lepiota S. F. Gray sensu stricto 
and perhaps Pseudobaeospora Sing, and Schulzeria Bres.) and also 
from one or two more tribes to be described for the genera Cysto- 
derma Fay., Smithiomyces Sing., and Drosella Maire. 

STROPHARIACEAE 

XXVI. Redescription op Deconic a crobula from America 

Deconica crobula (Fr.) Romagnesi, Rev. d. Myc., 2:244. 
1937 (sensu Lange, FL Ag. Dan., 4:28. 1939) 

Tubaria crobula (Fr.) Sacc., Syll., 5: 876. 1887. 

Pileus “Rood’s brown’ 7 (R.), strongly hygrophanous, opimous- 
subviscid, not glutinous, smooth, very minutely and indistinctly 
striatulate by transparence on the margin, convex to flat, with a 
small umbo, 8-14 mm. broad. Lamellae between “avellaneous” 
and “wood-brown,” paler-fringed, moderately broad for a Deconica 
but actually rather broad, broadly adnate but not at all decurrent. 
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moderately close or subclose; spore print bister-sepia. Stipe con- 
colorous with the pileus or paler at the apex, much deeper colored 
(bay-fuscous) at the base, but almost entirely covered with fibrillose 
squamules derived from the veil, leaving only a small part of the 
apex naked, subequal or equal, 14-32 X 1-1.5 mm.; veil white on 
the stipe, initially also very strongly developed on the margin of the 
pileus, where it forms silky, detersible, appressed fibrils which often 
agglutinate to form pure-white, irregularly distributed small flocci; 
a well-formed annulus usually wanting. Context paler, in the stipe 
rather deep brown; odor and taste not remarkable. 

Spores 5-6.7 X 4.2-5.5 jx when seen frontally, narrower when 
seen in profile (3.3-4.2 /x), lentiform, but not distinctly rhomboidal, 
with a fuliginous tint, smooth, with double wall and wide flat germ 
pore; cheilocystidia 27-38 X 5-5.5 fx, with a ventricose lower por¬ 
tion and a long filiform apex, which is 2-2.5 jx broad and obtuse; 
epicutis composed of repent, filamentous, hyaline hyphae with 
clamp connections. 

Observations. — This species was found on logs under Carya, 
gregarious, June 24, 1945 (R. Singer and H. Dadmun [FKQ), at 
Harvard, Mass. Except for being very slightly larger, the species 
coincides in all important characters with the species described as 
Tubaria crobula by Lange. The plant described as Deconica crobula 
by Romagnesi differs markedly in a few characters and is probably 
identical with what some authors consider the lignicolous form of 
D. inquilina , whose typical form (in our conception) is graminicolous. 
It may be that the grass form should be called D. ecbola (Fr.); 
Romagnesi’s form may be called D. inquilina , and the form described 
above, D. crobula . These observations are not intended to anticipate 
anything so far as the proper interpretation of the Friesian species 
goes. This must be left to the monographer. 

Another common species of Deconica in New England is D. 
atrorufa (Batsch ex Fr.) Sacc. (which may be the same as Psilocybe 
polytrichicola Peck). 

XXVII. A New Species op Pholiota 
Pholiota Maackiae Sing. sp. nov. 

Pileo centrum versus sordide brunneolo-ochraceo, ad marginem 
aeruginascente, squamis punctiformibus in disco asperso demum ni- 
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grescentibus et spiniformibus, pellicula viscida praedito, in siccis 
nitente, veli vestigiis ad marginem visibilibus, eonvexo, magnitudine 
mediocri. Lamellis olivascente-argillaceo-brunneis, aciebus flavis, 
latissimis, subconfertis, late adnexis, partim subdecurrentibus-sub- 
sinuosis; sporis 5-7.7 (8.8) X 4.5 (5) fx, poro germinativo indistincto 
inconstanteque praeditis, levibus, ochraceo-brunneolis, paucis ob¬ 
scure brunneis; basidiis 20 X 6.6 jjl; cystidiis et cheilocystidiis 
praesentibus, ampullaceis, ad basin in stipitem 5-10 jx longum at¬ 
tenuates, parte media ventricosis, 9-11.5 (25) p, latis, apice 5-6.6 jU 
latis, raro subcapitulatis, 35-53.5 \x longis, tenuitunicatis, hyalinis, 
pleurocystidiis tantum vivide luteis et lucem fortiter refringentibus; 
acie heteromorpha. Stipite pallide flavido, ferrugineo-ochraceo ad 
basin, annulo subcaduco, subtili, ascendente-distante, fibrilloso, me- 
diano instructo, squamis destituto, ad apicem attenuato vel base 
subincrassato, longitudinaliter compresso et subexcentrico, curvato, 
magnitudine Pholiotam luciferam aemulante. Came sicca pallide 
luteola. In trunco Maackiae amurensiSj Septembri mense 15, 1939, 
Coll. Lyubarski in regione Khabarovskensi. The type locality is 
in the U.S.S.R., Far Eastern region, Khabarovsk kray; sixty-nine 
km. from the branching of the Oborski* L. P. Kh. R.R. The type 
is preserved in Leningrad; cotype material is probably available 
at Khabarovsk. 

CORTINARIACEAE 

XXVIII. Redescription and Teansfer of Pholiota 

CONFRAGOSA 

Naucoria confragosa (Fr.) Sing. comb. nov. 

Pholiota confragosa (Fr.) Karst., Hattsv., p. 304. 1879. 

Pileus flesh-color-cinnamon, cinnamon-rufous, subglabrous to in¬ 
nately scurfy-fibrillose, hygrophanous, pale buff or a very pale 
cinnamon-buff when dry, with striate margin which becomes smooth 
when dry, nonviscid, convex-umbilicate, 26-50 mm. broad. Lamel¬ 
lae pale rufous to cinnamon, with a slight olive-cinnamon tinge, 
nearly burnt ocher when old and dry, with slightly fimbriate, pallid 
edge, flatly adnate, narrow (up to, and usually as much as, 3 mm. 
broad), subclose to close; spore print dirty ferruginous burnt ocher 
(S4guy, No. 336). Stipe carneous-brownish white at the apex and 
merely subsericellous there, gradually darker below the annulus. 
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reaching a shade similar to the color of the pileus, covered with pale 
carneous-brownish or pale pinkish-cinnamon squamulae up to the 
annulus, on whose lower side they may form a definite zonation by 
leaving the outer margin of the annulus naked, but not always 
clearly delimited, white-tomentose at the very base; stuffed, then 
hollow, reaching 10 mm. at the base and tapering to the apex, where 
it is up to 5 mm. broad, up to 80 mm. long; annulus at first distant, 
horizontal to suberect, later partly or entirely pendulous, rarely 
evanescent, striatulate above, carneous-brownish-pallid, superior. 
Context hygrophanous, subconcolorous with the surfaces, almost 
reddish when dry; odor lacking; taste mild. 

Spores bean-shaped, frontally egg-shaped, with the longitudinal 
sides often almost plane (straight) and the ends rounded, 7-8.5 
X 4-5.8 ju, smooth, pale ferruginous, with one large or several small 
oil droplets, the wall indistinctly' double but moderately thick, 
without a distinct germ pore; basidia 21-23.5 X 5-6 /z, 4-spored; 
cheilocystidia 45-70 X 8-8.5 jjl, at the apex 3-4 jjl thick, hyaline, 
usually subulate-elongate, with thin to slightly thickened (0.8 /z) 
wall, with obtusely rounded, rarely somewhat capitate, apex, borne 
on subisodiametric cells; cystidia lacking; edges of gills heteromor- 
phous; subhymenium cellular; trama regular, consisting of hyphae 
up to 9 ju in diameter; epicutis of the pileus composed of a palisade 
of crowded erect dermatocystidia; these dermatocystidia bearing a 
terminal member that is often similar in shape to the cheilocystidia 
(with which they are homologous), or more cylindric, usually with 
rounded tips, 23-35 (66) X (10) 11-15 (x , rarely as elongated as 
66 X 10 /z, rarely mucronate, walls more or less thickened (1-1.7 ii 
in diameter), pigment-incrusted (brown), otherwise hyaline; hypo- 
dermium consisting of filamentous hyphae which are occasionally 
rough, always repent, brownish; annulus consisting of filamentous 
hyphae, some of them rough; all hyphae with clamp connections. 
KOH on the pileus causing immediate blackish-brown discoloration. 

Habitat — On old or very decayed stumps (Fagus, Betula, Picea) 
and on scattered sticks and debris on the ground in open mixed 
woods, caespitose to (sometimes) subfasciculate, more rarely some 
individuals growing singly, fruiting from July to September. 

Distribution . — Most of northern England, Scandinavia, Fin¬ 
land, Leningrad region and east to Siberia; much rarer in Central 
Europe (mostly in the montane zone, especially in the Alps and the 
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Carpathians); also in the northeastern United States (New York 
and the New England states), and probably in Canada; the western 
limits unknown. 

Observations . — This is not a species of Gymnopilus (neither is it, 
of course, a species of Pholiota) or of Fulvidula, as has been sug¬ 
gested by me previously (Rev. d. Myc ., 2:239. 1937), but, as the 
description above immediately suggests, a large annulate species 
of Naucoria (Fr.) Quel. I accept, as in my previous papers, the 
genus Naucoria in the sense in which it has been restricted by me, 
i.e. with N. centunculus and closely related species included, all other 
species referred to other genera (Galerina, Agrocybe, Alnicola, 
Phaeocollybia, Phaeomarasmius, and so on). 

The description above is based on material collected by the writer 
in the Leningrad region and in the Karelo-Finnish Republic, also 
in Tyrol (Austria) and other places. 

XXIX. Two New Cortinarjaceae 

Tubaria thermophila Sing. sp. nov. 

Pileo lateritio-badio-spadiceo, colore primum Leucopaxillum 
amarum fere in mentem revocante, dein cinnamomeo-brunneo vel 
ferrugineo-brunneo (squamulis vel fibrillis marginis “Mikado brown” 
Ridgwayi, centri “ amber-brown ”)> dense tomentoso, mox in squa- 
mulas fracto, squamulis confertissimis, minutis, subfibrillosis ad 
marginem, ad centrum distinctioribus, cuticula saepe subrimulosa ad 
marginem extremum instructo, convexulo-planiusculo, dein piano, 
demum concavo, 22-30 mm. lato; cuticula ex hyphis repentibus, 
jacentibus, irregularibus, fibuligeris, saepe pigipentatis pigmento 
epicellulari (intercellulari), amorpho et intracellulari, dissoluto, 
nonnullis guttulis impletis gloeocystidiorum modo consistente. La- 
mellis albido-gilvis vel albidis, dein sordide argillaceis vel palli- 
dissime griseo-incarnatis, sinuato-decurrentibus vel fortiter deeurren- 
tibus, subangustis, confertis vel confertissimis; sporis dilute sed laete 
ferrugineis, verruculosis, disco suprahilari levi nullo, breviter fusoideis, 
centro crassissimis, ad apicem angustatis, depressione supra-hilari 
notata, 8-9 X 6-6.5 /x; basidiis clavatis (l)2-sporis, 13.5-23 X 7.5- 
8.5 p; cystidiis nullis; cheilocystidiis hyalinis, versiformibus, ple- 
rumque clavatis vel subclavatis, nonnullis subfusoideis, apicem 
versus angustatis vel late rotundatis, nonnullis interdum digiti- 
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formiter appendiculatis digitis uno vel duobus, nonnullis semierectis 
vel ascendentibus vel agglutinatis; subhymenio e eellulis brevissimis 
parvulis consistente; tramate lamellarum hyalino, subregulari, Sti- 
pite albo, raro in parte subcitrinello, glabro, nitente, solido, subae- 
quali vel base subincrassata praedito, 29-68 X 2-4 mm.; velo haud 
manifesto. Carne albida, inodora, miti; hyphis fibuligeris. In 
dumetis subtropicalibus humidissimis in terra humoso-sabulosa vel 
nonnunquam nucibus Caryae megacarpae affixi vel e ligno mucido 
ecrescentes, aestate. Highlands Hammock State Park, Florida, 
U. S. A. R. Singer, F-20, F-20a (FH). 

Galerina hypnorum (Schrank ex Fi.) Ktihner var. 
evelata Sing. var. nov. 

A forma typica sporis calyptratis, colore intensiore laetioreque, 
veli absentia differt; a forma calyptrospora Kuhn, absentia veli 
coloreque differt. 

Pileus ochraceous-fulvous, hygrophanous, drying from the top 
downward, more than half the radius transparently striate, smooth 
and pale ochraceous or alutaceous-pallid when dry, not viscid, gla¬ 
brous, at first subcampanulate, obtuse, later conico-convex, about 
5 mm. broad when mature. Lamellae ochraceous, rather distant, 
at first adnate, subascendant, later adnexed to adnate, subhorizontal. 
Stipe subconcolorous with the pileus, smooth, glabrous, filiform, 
variable in length, about 1 mm. thick; veil lacking even in young 
specimens. Context very thin, subinodorous. 

Spores 11-13.5 X 6.8-8.2 p } with a saccate perisporium; cheilo- 
cystidia 40-50 X 11-13.7 p, ampullaceous, with strongly ventricose 
base (as in Galera cerina Bres.) and with a cylindric or pencil-shaped 
apex, rarely capitate or obtusely conic, apex 6.7-8.2 p in diameter; 
basidia 4-spored; hyphae with clamp connections. 

Observations . — The type of this variety is one of the specimens 
collected by the writer on Mount Washington between 5,000 and 
5,500 ft., i.e. in the subalpine zone of the White Mountains, New 
Hampshire (WM-3, WM-21, FH), under rather severe climatic 
conditions (strong winds and low temperatures, but with sufficient 
moisture during most of the year), in August, 1945. Other speci¬ 
mens that may be referred here were collected in the Altai Moun¬ 
tains (R. Singer, A-765 [LE]), under similar climatic conditions, 
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near Lake Teletskoe, Oirotia, in August, 1937. It is characteristic 
that farther south and at a lower altitude in New England (e.g. in 
Massachusetts) — even later in the fall — the type variety of Gale - 
rina hypnorum is observed, a form agreeing well with Kiihner’s 
description and the writer’s notes on the bisporous form of the 
European type. 7 Furthermore, the specimens from the dry habitats 
of the Kosh Agatch valley in the Altai Mountains proved to be 
different from var. evelata . Additional observation of the young 
specimens as regards the color of their pileus and the correlation 
of the occurrence of a perisporium should show whether this is an 
adaptation to cold and not-too-dry habitats in the mountains or a 
definite geographic race, or perhaps an independent species. 

It is possible that Galerula subhypnorwn Atk. is identical with 
Galerina hypnorum var. evelata Sing.; not knowing the type, how¬ 
ever, I am unable to interpret Atkinson’s species one way or another. 

BOLBITIACEAE 

XXX. New Species of Bolbitiaceae 

Bolbitiaceae fam. nov. 

Epicutis elementis sphaerocystoideis vel piriformibus hymeni- 
formiter dispositis; sporis laetissime ferrugineis vel rarius ferru- 
gineo-fuscis in massa vegeta, levibus, membrana complexa, poro 
germinativo plerumque praesente; basidiis plerumque breviusculis 
et crassis, saepissime 2-sporis in formis parallelis normalibus tetra- 
sporis; cheilocystidiis praesentibus; (pIeuro-)eystidiis saepe dif¬ 
ferentiate; dermatocystidiis plerumque praesentibus aut in pileo 
aut in stipite. Fibulis in formis tetrasporis praesentibus. In terra, 
saepe in pratis, interdum in fimo, rarius in lignis. Cum Coprinaceis 
comparanda, sed ferrugineospora familia. Genus typicum: Bolbi- 
tius Fr. 

Observations . — The old subfamily Bolbitioideae Sing, was cer¬ 
tainly a good natural unit; with the disintegration of the family 
Cortinariaceae, however, this subfamily should, in my opinion, now 
be considered an independent family. It contains the genera Pholio- 

7 The 4-spored form was found in many places in Europe, where it is very 
common, e.g. Peterhof, Leningrad region, R. Singer, M4-183 (LE). Forma 
calyptrospora Kuhn, was studied in Karelia (197-M4-326 [LE]), and was in 
full agreement with Kuhner’s original description. 



148 Rolf Singer 

tina Fay., Galerella Earle, Tubariopsis Heim, Conocybe Fay., 
Bolbitius Fr., Cyttarophyllum Heim, and Agrocybe Fay. 

Pholiotina rugosa (Peck) Sing. comb. nov. 

Pholiota rugosa Peck, Ann. Pep. N. Y. State Mus., 50:102. 1897. 

This species has been well described macroscopically by Over¬ 
holts, and all that is needed is a revised microscopical description: 

Spores (8.2)9.5-11.2X4.8-5.8 /x, ellipsoid, seemingly rough be¬ 
cause of the granular contents, with moderately thick, compound 
walls, bright ferruginous fulvous-brown, but not with the very deep 
color found in Conocybe, with a distinct broad germ pore; basidia 
31.5 X 9.2 /x, 4-spored; cheilocystidia about 40 X 10 /x, numerous, 
ampullaceous; hyphae of the gill trama of the Pholiotina type; 
epicutis of the Pholiotina type; all hyphae with clamp connections. 

Observations. — Our specimens were 7-25 mm. in diameter when 
fresh; the stipe had a median, more rarely subapical, annulus, 
which is persistent or slides downward to the somewhat bulbous 
base; the odor was slightly raphanaceous; in most specimens a 
broad obtuse umbo was present; the wrinkled surface was not very 
striking, but was usually clearly apparent; the lamellae were hori¬ 
zontal and adnexed, slightly ventricose in mature specimens. This 
collection came from the greenhouses of the Waltham Field Station, 
Massachusetts, E. V. Seeler, February 16, 1944. 

The characters of this species are evidently those of a Pholiotina, 
and therefore it is proposed that Peck’s species be transferred to 
that genus. 


GOMPHIDIACEAE 

XXXI. Latin Diagnoses of New Units of the North 
American Gomphidius Flora (Preliminary Account) 

Gomphidius leptocystis Sing. sp. nov. 

Pileo demum floccoso-squarruloso, ochraceo vel aurantiaco, ligni- 
colori vel avellaneo in margine, purpurascente siccando; lamellis 
cystidiis tenuitunicatis, hyalinis, incrustatis, collabentibus obsitis; 
sporis pro ratione iis Gomphidii tomentosi minoribus; stipite con- 
colori; came subconcolori-pallidiore; ceterum Gomphidio tomentoso 
et Gomphidio ochraceo simillimus est. In silvis coniferis Americae 
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Borealis occidentals. Typus in Vancouver, Canada, collectus atque 
in Herbario Michiganensi conservatus est. 

Gomphidius vinicolor Peck ssp. nov. califomicus Sing. 

A typo cystidiorum abundantia inconsueta constanter diff ert; 
mycelio cum Pinis radiatis et Pints ponderosis associatus. 

Gomphidius ochraceus Kauffm. ssp. nov. muscigenus Sing. 

A typo pileo haud ochraceo-aurantiaco et probabiliter associa- 
tione mycorrhizina differt. America Borealis. 

Gomphidius, subgenus Laricogomphus Sing, subgen. nov. 

Came plus minusve rubente, velo subnullo; subbymenio fila- 
mentoso, moderate denso; mediostrato moderate distincto in ma- 
turis; dermatocystidiis stipitis fasciculatis plerumque glandulas 
distinctas formantibus; mycorrMza cum laricibus. 

Gomphidius, subgenus Myxogomphus Sing, subgen. nov. 

Carne pilei alba vel roseola vel fracta nonnih.il rosascente; velo 
bene evoluto, ex hyphis haud incrustatis subparallelo-subintertextis 
consistente; subhymenio filamentoso vel filamentoso-subcellulari, 
moderate denso; mediostrato moderate distincto in maturis; derma¬ 
tocystidiis stipitis sparsis, haud fasciculatis, glandulis nullis; mycor- 
rhiza variis cum coniferis sed vix cum laricibus observata. 

Gomphidius, subgenus Myxogomphus, sec. Macro- 
sporus Sing. sec. nov. 

Sporis maturis 14 p majoribus. 

Gomphidius, subgenus Myxogomphus, sec. Micro- 
sporas Sing. sec. nov. 

Sporis 14 p brevioribus. 

Gomphidius septentrionalis Sing. sp. nov. 

Pileo roseolo, viscido, glabro; lamellis ex albo grisellis; sporis 
15.7-22.5 X 6-8.5 p; stipite elongato, parte basali laete lutea, velo 
zonas unam vel duas vel tres glutinosas, angustas ad apicem stipitis 
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formante vel ex integro membranaceo nec stipitem late coth.uman.te; 
came salmonea, subtus lutea. In silvis piceino-abietinis cum Bole- 
tino glanduloso in parte septentrionali-orientali Americae Borealis; 
Gomphidio roseo proximus. 

Gomphidius Smithii Sing. 

Pileo dilute purpurascente-vinaceo vel pallide griseolo-vinaceo; 
lamellis grisascentibus; sporis 15-19.5 X 5.5-6.5 p; cystidiis actione 
formaldehydi in sectionibus KOH imbutis in speciminibus recenter 
exsiccatis pulchre purpurascentibus; stipite 50-80 X 8-12 mm., albo, 
hyalino-glutinoso et cothurnato; came alba, laesa aeris actione rosa- 
scente ut minimum in base stipitis, FeSCb ope atrata. Sub Pirns 
contortis et Pseudotsugis taxifoliis. Oregon Americae Borealis. 

Var. xanthobasis Sing. 

A typo base lutea differt. Sub Pints flexibilibus in Massachusetts 
introductis. 

Gomphidius subroseus Kauffm. var. homobasis Sing. 

A typo base stipitis haud vel vix flava differt; cum typo. 

Gomphidius, subgenus Chroogomphus Sing, subgen. nov. 

Carne plus minusve colorato, velo praesente, ex hyphis parallelis, 
incrustatis consistente; subhymenio irregulari-intermixto, densis- 
simo; mediostrato haud distincto in adultis; mycorrhiza variis cum 
coniferis sed vix cum laricibus observata. 

Harvard University 

Cambridge, Massachusetts 
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A POSTGLACIAL FOSSIL FLORULA 
NEAR FORESTER, MICHIGAN* 

GLADYS F. WEST 

T HE history of the postglacial predecessors of the present Great 
Lakes has been preserved by their old beaches and outlets as 
they passed through their successive stages of growth and develop¬ 
ment during the time of the recession of the Wisconsin ice sheet 
from northeastern United States and southeastern Canada. Since 
this history is intimately associated with the cutting of certain 
gorges in the Niagara River, the chronology of which has been 
carefully estimated, it is possible to approximate the ages of most 
of these lakes and likewise that of any organic remains preserved 
in their deposits. 

Careful study and identification of the plant and animal remains 
from deposits which can be definitely correlated with any of the 
postglacial lake stages should eventually make possible a fairly 
complete picture of the development of vegetation and climate in 
the Great Lakes region since the retreat of the last ice sheet. So 
far the deposits of glacial Lake Chicago have received the most 
attention. Baker (1920) brought together the results obtained by 
earlier workers and by himself during many years’ work and es¬ 
tablished a florula of 15 species and a fauna of 109 species from 
the deposits of the various stages of this lake. Recently the Two 
Creeks forest beds described by Goldthwait (1907) have been studied 
botanically in two different exposures by Wilson (1932, 1936). He 
considered these forest beds to have been formed during the Glen- 
wood Stage of glacial Lake Chicago, and he described from both 
deposits forests composed almost entirely of spruce. 

Remains of plants which lived during and after the time of 
glacial Lake Maumee, a correlative of glacial Lake Chicago, are 
being described by Hansen (1948), who outlines a gradual develop- 

* Papers from the Department of Botany of the University of Michigan, 
No. 514. 
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ment of vegetation from the time of the first appearance of the 
northern coniferous trees in the region to the time of a mixed de¬ 
ciduous forest. 

References to organisms that existed during the time of glacial 
Lake Algonquin are few and scattered. Hunter (1902) mentioned 
fossil unios, bones, and pieces of wood from a well boring in a de¬ 
posit of glacial Lake Algonquin in Simcoe County, Ontario. Tarr 
(1904) referred to a deposit of logs and pieces of wood near Ithaca, 
New York, associated with glacial Lake Iroquois, a correlative of 
glacial Lake Algonquin. Penhallow (1905) identified part of the 
wood as Pinus rigida and Larix americana. West (1935) reported 
wood of Fraxinus nigra from a swamp deposit in glacial Lake Tona- 
wanda in New York, a correlative of both Lake Iroquois and 
Lake Algonquin. Wilson's study (1944) of the sediments in Doug¬ 
las Lake, Cheboygan County, Michigan, should give valuable 
chronological information on deposits formed during Algonquin and 
Nipissing time in that immediate locality. 

In the Lake Superior region Wilson (1931, 1935) described plant 
remains from peat submerged fifty-four feet below the surface of 
the lake near Sand Island, off the north shore of Wisconsin. This 
deposit was formed during the time of the Nipissing Great Lakes, 
while the northern outlet at North Bay, Ontario, was in operation. 
The tree and shrub species represented were Taxus canadensis , 
Pinus Strobus, P. Banksiana , P. resinosa , Larix laricina , Picea 
mariana , Salix sp. } Alnus sp., Quercus sp., Acer spicatum , Betula 
papyrifera , B. pumila , and Chamaedaphne calyculata . Taylor 
(1931, pp. 265-267) has pointed out the importance of this deposit 
from the standpoint of lake history, since it “appears to supply 
the first reliable evidence bearing on the depth of submergence 
of the original Nipissing beach/ 7 which was caused by uplift of the 
land in the north. 

Cooper and Foot (1932) described a deposit at Minneapolis, 
Minnesota, which was formed previous to the inauguration of gla¬ 
cial Lake Agassiz, and reported a florula of thirteen genera, which 
they described as a bog forest in the lowlands and a “climax forest 
of white spruce, balsam fir, white pine and birch 77 in the upland. 

The present investigation 1 was undertaken in an effort to ob- 

1 For helpful suggestions and criticisms during the course of this study I 
am greatly indebted to Professor H. H. Bartlett. I am also under obligation to 
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tain as much information as possible on the vegetation and cli¬ 
matic conditions which existed during the last or highest stage of 
glacial Lake Algonquin. 

The accumulation of more information of this type should also 
prove helpful in the interpretation of fossil remains from interglacial 
periods of the Pleistocene. 

LOCATION AND DESCRIPTION OF THE FORESTER DEPOSIT 

The Forester deposit is located in the southwest quarter of the 
southeast quarter of Section 28, Forester Township, Sanilac County, 
T. 13 N., R. 16 E., on the eastern side of the “Thumb” of Michigan, 
bordering on Lake Huron (Fig. 1). All the plant remains described 
in this paper were obtained from two exposures, one in the south 
bank of Big Creek about 365 yards inland from the lake shore, 
and the other in the north bank of the creek, ranging from 350 to 
365 yards inland (PI. I, Figs. 1-2). 

The deposit rests on a mixture of blue-gray plastic clay, sand, 
and gravel extending down to the water level of the creek. The sec¬ 
tion in the north bank of Big Creek (Pl. I, Fig. 2) may be described 
as follows: 


Strata Thickness of strata 

4. Surface soil composed of fine lake sand. 1 ft. 8 in. 

3. Grayish-tan lake clay. 2J-3 ft. 

2. Grayish-brown marly and peaty laminated clay. 3-3£ ft. 

1. Leaf bed composed of layers of leaves interbedded with layers of 

fine buff-colored silt.. 3-3J ft. 


At the time the collections were made some of the fossil leaves 
in Stratum 1 were weathered out of their matrix and were hanging 
in ragged masses from the side of the bank (PI. II, Fig. 1). From 
their midst the end of a partially crushed sycamore trunk protruded 
(Pl. I, Fig. 2) . 

the late Dr. Frank Leverett for personally visiting the deposit and for much 
information concerning the geological history and development of it. My 
appreciation is expressed to Dr. W. C. Steere for the identification of the thirteen 
species of fossil mosses. Thanks are due to Mr. L. A. Harris for photographs and 
information concerning the location of the deposit; to Dr. E. A. Bessey for 
some of the seeds used for identification of the fossil specimens; and to the Michi¬ 
gan State Seed Laboratory for the privilege of using specimens in their seed 
herbarium. Grateful acknowledgment is made to Dr. Ethel B. Hansen for much 
assistance in the collection of the fossil material during the summers of 1931 
and 1932. 
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SANILAC COUNTY MICHIGAN 
SHOWING LOCATION OF BIG CREEK AND FORESTER 



Fig, 1 

(Based upon a map by C. H. Gordon, Geological Report on Sanilac County, Michi¬ 
gan, Geol. Surv. Mich., Yol. VII, Part 3) 


GEOLOGICAL HISTORY AND DEVELOPMENT OE THE DEPOSIT 

The history and development of the Forester deposit is so 
intimately associated with the history of certain of the Great Lakes 
that to give the history of one is to give the history of the other. 
It begins about thirty thousand years ago, when the Wisconsin 
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ice sheet began to retreat from northeastern United States. The 
early period of the recession of the ice front was characterized by a 
slow retreat to the southern watershed of the Great Lakes ba sin s, 
where it assumed a lobate outline corresponding roughly with the 
lake basins. The melt waters were gathered into small lakes along 
the margins of the ice lobes, and were dammed up between the 
ice barrier and the higher land of the watershed. These small 
lakes, formed at different times and fed by the melting ice, developed 
into vast bodies of water of much greater magnitude than our 
present Great Lakes system (Leverett and Taylor, 1915, pp. 318- 
321). 

The actual development of the Forester deposit began at the 
time when the margin of the continental ice sheet had retreated 
sufficiently for the glacial waters in the basins of Lake Superior, 
Lake Michigan, Lake Huron, and Georgian Bay to be free to unite 
into one vast body of water at one level, known as the Second or 
Kirkfield stage of Lake Algonquin (Leverett and Taylor, 1915, 
pp. 410-411). This lake drained through an outlet near Kirkfield, 
Ontario, eastward through the Trent Valley into glacial Lake Iro¬ 
quois, which lay in the Lake Ontario basin (Leverett and Taylor, 
1915, p. 412; Leverett, 1917, p. 137). By this time the channel 
of Big Creek at Forester was already in existence and flowing into 
Lake Algonquin (the late Dr. Leverett, personal communication). 
Perhaps more than half of postglacial time had already elapsed. 

After the ice had almost entirely disappeared from the northern 
part of the lake basins a differential uplift of the land surface began 
in the Trent Valley, which resulted in a gradual rise of the Kirkfield 
outlet (Leverett and Taylor, 1915, pp. 329, 410). While the region 
around the northern outlet was being gradually tilted upward, the 
level of the land around the southern part of the lake remained 
stationary. The water was thus gradually shifted to the south 
and began to back up on higher land and submerged the Kirkfield 
beaches. With the gradual rise of water level in the south it became 
correspondingly lower in the north, until eventually the, Kirkfield 
beaches were abandoned. South of a line running “from Kirkfield 
west-northwest, passing about 20 miles south of Sault Ste. Marie/ 7 
the waters rose to a higher level on the land, and the beaches of 
the Kirkfield stage were submerged and destroyed (Leverett and 
Taylor, 1915, p. 413). North of this line they were abandoned, 
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and new beaches formed at a lower level. The two southern outlets 
at Chicago and Port Huron gradually came to receive more and 
more of the overflow. But for a long time all three outlets were in 
use during a transitional three-outlet stage. Eventually the northern 
outlet was totally abandoned, and the two southern outlets dis¬ 
charged the entire overflow. However, the Port Huron outlet, 
which was on a clay foundation, was rapidly cut down to a lower 
level than the Chicago outlet, which lay over a rock sill. The en¬ 
tire discharge then passed through Port Huron (Leverett and Tay¬ 
lor, 1915, pp. 410, 414; Leverett, 1917, p. 138), southward into 
Lake Erie and eventually into the Niagara River. This represents 
the last or highest stage of Lake Algonquin. 

As a result of the uplift in the north, in the vicinity of Forester 
the waters rose to 607 feet above sea level, as is shown by the 
beach of the highest stage of Lake Algonquin. Accordingly, the 
waters had also backed up into the mouth and valley of Big Creek 
to a point 607 feet above sea level and formed an estuary. 

The deposit at Forester is represented in two sections exposed 
by the present channel of Big Creek as it cut through the old silted-up 
estuary. The bottom of the exposure, composed of gravel, sand, 
and blue-gray plastic clay, probably represents the bed of the old 
creek channel, which was gradually submerged by the rising Al¬ 
gonquin waters. 

The leaves in Stratum 1 (PL I, Fig. 2) appear to have been de¬ 
posited during the early part of the uplift, while the estuary was 
being formed and the water was still shallow. They were probably 
blown into the creek and carried downstream, finally coming to 
rest at the mouth of the channel, where it emptied in the shallow 
water of the estuary. The presence of certain fossil remains (which 
will be described later) in Strata 2 and 3 above the leaf layer indi¬ 
cates a rise of several feet in water level of the estuary caused by 
the continued uplift in the north. 

A further retreat of the ice in southern Canada uncovered a 
lower outlet at North Bay, Ontario, in the Mattawa Valley, which 
eventually came to receive all the overflow and resulted in the 
inauguration of the Nipissing Great Lakes (Leverett and Taylor, 
1915, p. 330; Leverett, 1917, p. 138). The Nipissing Great Lakes 
endured until a differential uplift in the Mattawa Valley raised 
the level of the North Bay outlet sufficiently for the discharge to 
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be again shifted to the southern outlet at Port Huron, which re¬ 
sulted in the post-Nipissing or modern stage of the upper three 
Great Lakes. 

At the close of Lake Algonquin the ice front probably stood 
ten to twenty-five miles north of Lake Superior, and north of the 
line of the Canadian Pacific Railway, which passes through Franz 
and Sudbury, Ontario, southeastward to Mattawa, Ontario, and 
thence eastward through southern Quebec (Antevs, 1931, pp. 13,15), 
a distance of approximately 270 miles from Forester. At the in¬ 
auguration of the second or Kirkfield stage the ice front, which 
stood near Kirkfield, Ontario, was approximately 210 miles distant 
from Forester. From that time until the close of the last or highest 
stage the ice front had receded approximately 60 miles. It can 
be reasonably estimated, therefore, that at the time of the forma¬ 
tion of the estuary in Big Creek during the last stage of Lake Al¬ 
gonquin the ice front stood approximately 240 to 250 miles away 
from a forest growing in the valley of Big Creek, abundant remains 
of which have been buried and preserved in the silts of the estuary. 

AGE OF THE DEPOSIT 

The age of such a deposit is always a matter of considerable 
interest. As shown by measurements of the rate and the amount 
of recession of the Horseshoe Falls, the age of the Upper Great 
Gorge in the Niagara River may be about 4,000 years (Kindle and 
Taylor, 1914, p. 170; Taylor, 1929, p. 262; Dr. Leverett, personal 
communication). Since the Upper Great Gorge was formed after 
the drainage of the Nipissing Great Lakes was diverted from the 
Mattawa-Ottawa valleys back to the southern outlet at Port Hu¬ 
ron, so that the discharge of the upper three Great Lakes and Lake 
Erie passed into the Niagara River (Kindle and Taylor, 1914, 
p. 154, fig. 14), the amount of time required to cut the Upper Great 
Gorge also represents the length of time during which the upper 
three Great Lakes discharged through the southern outlet. The 
northern outlet of the Nipissing Great Lakes has been estimated to 
have been in operation for from 2,000 to 2,500 years (Taylor, 1929, 
p. 260). The amount of erosion accomplished by the last or highest 
stage of glacial Lake Algonquin while it discharged to the south 
is so slight that it would probably not have taken over 4,000 years; 
and the length of time might be estimated to have been even less, 
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except for the fact that for a while the southern discharge was di¬ 
vided between two outlets, viz., Chicago and Port Huron (Dr. Lev- 
erett, personal co mm unication). The deposit, the formation of 
which began in the early part of the last or highest stage of Lake 
Algonquin, may then be about 10,500 years old and is, therefore, 
of considerable antiquity. 


CLASSIFICATION AND DESCRIPTION OF 
PLANT REMAINS 
Thallophyta 

CHARACEAE 

Chara sp. 

Cooper and Foot, 1932, pp. 69, 70; Baker, 1920, pp. 26, 94, 101. 

Nutlike oogonia incrusted with calcium carbonate were present 
in large numbers in Strata 2 and 3. Their absence from Stratum 1 
(the leaf bed) has been interpreted to mean that the deposition 
at that level was in very shallow water, and probably took place 
during the time when the water level of Lake Algonquin was slowly 
rising in the south and had begun to creep back into the channel 
of Big Creek. 

Bryophyta 

MacBride, 1896, pp. 63-66; Cheney, 1930, pp. 66-68; 1931, pp. 93, 94; Williams, 
1930, p. 33; Cooper and Foot, 1932, pp. 63-72; Wilson, 1932, pp. 31—46; 
1936, p. 320; Berry, 1933, 7; Voss, p. 1933, p. 813; Steere, 1941, pp. 83-89; 
Hansen, 1948, p. 53. 

Remains of the vegetative structure of the following thirteen 
species of mosses, which were found in the leaf bed, were identified 
by Dr. W. C. Steere: 

Aulacomniaceae 

Aulacomnium heterostichum (Hedw.) Bry. Eur. 

Leucodontaceae 

Leucodon sduroides (L.) Schwaegr. (PL III, Fig. 1) 

Thuidiaceae 

Anomodon attenuate (Schreb.) Hiiben. (PL III, Fig. 2) 

Anomodon rostratus (Hedw.) Schreb. 

Thuidium delicatvlum (L.) Mitt. (PL II, Figs. 2-3) 

Amblystegiaceae 

Amblysteghm varium (Hedw.) Lindb. 

Campylium radicale (P, B.) Grout 
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Drepanocladus aduncus (Hedw.) Warnst. 

Leptodictyum riparium (Hedw.) Warnst. 

Brachytheeiaceae 

Bryhnia novae-angliae (Sull. and Lesq.) Grout 

Eurhynchium strigosum (Hedw.) J. and S. (PL III, Figs. 3-4) 
Plagiotheciaceae 

Plagiothecium denticulatum (L.) Bry. Eur. 

Hypnaceae 

Hypnum imponens Hedw. 

Of this group, Anomodon attenuatus (Schreb.) Hiiben. was repre¬ 
sented the most abundantly, and Leucodon sciuroides (L.) Sehwaegr. 
ranked second in frequency of occurrence. 

All these species are common in northeastern United States, 
and all are found in the present flora of Michigan. For the most 
part they represent species which can be found growing in a beech- 
maple forest on moist shaded banks of streams, on stones, and on 
tree trunks, with the exception of Drepanocladus aduncus (Hedw.) 
Warnst., which is aquatic, and Leptodictyum riparium (Hedw.) 
Warnst., which is subaquatic. 

Pteridophyta 

POLTTPODIACEAE 

Onoclea sensibilis L. (Sensitive fern) 

(PL IV, Fig. l) 

A small portion of a fertile frond, the pinnules of which still 
retain on their lower surfaces a few characteristic sporangia with 
spores, represents the only remains of this species. The sensitive 
fern is found abundantly in wet places throughout Michigan. The 
genus has not hitherto been reported in the Pleistocene of this 
country. 

Spermatophyta 

PINACEAE 

Pinus Strobus L. (White pine) 

(PL IV, Fig. 7) 

Safely, 1867, p. 116; Penhallow, 1896, p. 67; 1898, p. 526; Cooper and Foot, 

1932, pp. 66, 69; Wilson, 1935, pp. 533-535; Hansen, 1948, p. 54. 

The lower half of a single mature cone from Stratum 2 repre¬ 
sents the only remains of this species. 

White pine is found in Michigan throughout the Upper Peninsula 



160 


Gladys F. West 

and as far south in the Lower Peninsula as Allegan, Eaton, and 
St. Clair counties, approximately fifty miles farther south than 
its occurrence as a fossil near Forester. 

Pinus sp. 

Pollen representing at least two species of pine was noted. 

Larix laricina (DuRoi) Koch. (Tamarack) 

Safely, 1867, p. 116; Keyes, 1893, p. 357; Dawson and Penhallow, 1890, p. 326; 

Penhallow, 1896, pp. 60, 61, 67, 69; 1898, pp. 526, 527; 1905, pp. 69-70; 

MacBride, 1896, pp. 65, 66; Calvin, 1898, p. 240; Coleman, 1899, pp. 35, 

36; Tarr, 1904, pp. 78, 79; Baker, 1920, pp. 42, 71; Cooper and Foot, 1932, 

p. 69; Voss, 1933, p. 814; Wilson, 1935, pp. 533-535; Hansen, 1948, p. 54. 

A single fragmentary twig bearing one short lateral branchlet 
was found in the lower part of Stratum 2. The specimen has been 
arbitrarily assigned to Larix laricina , the only species native to 
northeastern United States, since there was no distinctive character 
present which would definitely mark it as this particular species 
and since the facies of the fossil florula resembles so closely that 
of the present in many parts of the Lower Peninsula of Michigan. 

Tamarack is common in swampy areas throughout Michigan. 

Picea sp. (Spruce) 

Spruce is represented by pollen only. Although it has not been 
possible definitely to identify the species to which it belongs, it 
seems probable that it may represent Picea mariana (Mill.) BSP., 
from a swampy area near by. 

Tsuga canadensis (L.) Carr. (Hemlock) 

(PL IV, Figs. 2-4) 

Hemlock was one of the most commonly represented species. 
Small twigs, needles, cones, and seeds were abundant in Strata 1 
and 2. Tsuga pollen, undoubtedly referable to this species, was 
also found. 

Hemlock occurs throughout Michigan today except in the south¬ 
eastern part of the Lower Peninsula, where it extends as far south 
as Port Huron (Quick, 1923) along the eastern side. 
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Thuja occidentalis L. (Arbor vitae) 

(PL IV, Figs. 5-6) 

Dawson and Penhallow, 1890, pp. 324, 325; Wegeman, 1909, pp. 26, 27; Baker, 
1920, pp. 42, 71, 101. 

This species is sparingly represented in Strata 1 and 2 by small 
twigs with leaves, two mature open cones, and a few seeds. 

Arbor vitae is common in low situations throughout the northern 
two thirds of Michigan; it extends as far south as Montcalm and 
Sanilac counties. According to Dodge (1912, p. 37), it is plentiful 
near the Lake Huron shore as far south as St. Clair County. 

TYPHACEAE 

Typha sp. (Cattail flag) 

Penhallow, 1896, p. 64. 

The genus Typha is represented by pollen only, and the species 
was not determined. 


SPARGANIACEAE 

Sparganium sp. (Bur reed) 

(PL IV, Fig. 8) 

Berry, 1914, p. 160; 1924, p. 16. 

Achenes representing at least two different species were found 
abundantly in Stratum 2. 


NAJADACEAE 

Potamogeton sp. (Pondweed) 

(PL IV, Figs. 9, 11) 

Dawson ancl Penhallow, 1890, pp. 327, 331; Knowlton, 1896, p. 371; Penhallow, 
1896, pp. 65, 66; 1898, p. 528; Coleman, 1915, p. 247; Baker, 1920, pp. 27, 
39, 91; Hollick, 1931, pp. 37-39, pi. 2; Cooper and Foot, 1932, p. 69. 

This genus is represented by a great many well-preserved achenes, 
representing at least three different species, found in Strata 2 and 3. 
Their presence in these two strata, along with remains of Chara and 
Myriophyllum, would seem to indicate a water depth of four or 
five feet or even more during the time of deposition. Their absence 
from Stratum 1 (the leaf bed) has, therefore, been interpreted to 
mean shallower water at that level. 
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ALISMACEAE 

Sagittaria latifolia Willd. (Arrowhead) 

(PL V, Fig. l) 

Aehenes of Sagittaria latifolia were very common, in Strata 2 
and 3. In the present flora it is abundant throughout Michigan in 
wet places. This is the first reported occurrence of the genus in the 
Pleistocene of this country. 

Alisma Plantago-aquatica L. (Water plantain) 

This species is represented by a small number of aehenes in 
Stratum 2. At the present time it is common and abundant in shal¬ 
low water and ditches throughout Michigan. The presence of water 
plantain has not previously been reported in the Pleistocene of this 
country. 

CYPERACEAE 

Dulichium arundinaceum (L.) Britton 
(PL V, Fig. 2) 

Berry, 1924, p. 18, pi. I, figs. 17-18. 

Two aehenes represent the only remains of Dulichium arundina¬ 
ceum. It is found abundantly in the present flora of Michigan in 
wet swampy places on the borders of streams, ponds, and small 
lakes. 

Eleocharis olivacea Torr. (?) (Spike rush) 

Small black aehenes 1.25 mm. long, 0.75 mm. wide, obovate, 
with fragmentary tubercle, and bristles absent, resembling very 
closely Eleocharis olivacea, were present in considerable numbers 
in Strata 2 and 3. 

This species has been found in both the Upper and the Lower 
peninsulas of Michigan, but it appears to be rather rare in the state. 

No previous discovery of the gross remains of the genus Eleo¬ 
charis has been recorded in the Pleistocene of this country. 

Carex lupulina Muhl. (Sedge) 

(PI. V, Fig. 3) 

Well-preserved aehenes were found in Strata 2 and 3, which 
corresponded so closely with those of Carex lupulina that the de- 
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termination has been made without hesitation. In the present 
flora it is of common occurrence in swamps and wet places throughout 
Michigan. 

Although Carex has been reported from both early and late 
Pleistocene deposits in this country, there is no previous record of 
this species. 

Carex retrorsa Schwein. 

(PI. V, Pig. 4) 

Hansen, 1948, p. 56. 

Triangular-fusiform achenes resembling so closely the achenes 
of Carex retrorsa that it seems unquestionable that they belong to 
this species. It is one of the commonest sedges in Michigan. 

Carex Schweinitzii Dewey (?) 

(PL V, Fig. 5) 

Achenes obovoid; equally 3-angled; 1.75 mm. long; styles frag¬ 
mentary; perigynium incomplete, 3.5 mm. long; 1.5 mm. wide; few- 
nerved and very delicate. These achenes resemble more closely 
the achenes of Carex Schweinitzii than those of any other American 
species in the genus. 

The species is not abundant in Michigan, and has been re¬ 
ported from only three counties in the Lower Peninsula, viz., Craw¬ 
ford (Beal, 1904, p. 57), Cheboygan (Gates and Ehlers, 1924, p. 212), 
and Ottawa (herbarium specimen in the University of Michigan 
Herbarium). 

No previous occurrence of the species has been reported from 
the Pleistocene of this country. 

SALICACEAE 

Salix sp. ("Willow) 

The presence of Salix is represented by pollen alone. More than 
one species appears to be present. In all probability they grew in 
close proximity to the place of deposition. 

There are a number of references to the occurrence of Salix 
during postglacial time, as well as earlier in the Pleistocene. 
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JUGLANDACEAE 

Carya sp. (Hickory) 

The only remains of this genus thus far found are deposits of 
pollen. The nature of the fossil florula is such as would indicate 
that hickory grew in a dry upland area some distance away from 
the place of deposition. 

Several different species of hickory have been reported from the 
Pleistocene of this country. 


BETULACEAE 

Pollen representing certain members of the Betulaceae was 
found to be relatively abundant. 

Carpinus caroliniana Walt. (Blue beech) 

(PL VI, Figs. 6-9) 

Berry, 1907a, p. 692; 1907b, pp. 340-341; 1910, p. 395; 1926, p. 108. 

Remains of the blue beech were common in Strata 1 and 2 in 
the form of practically skeletonized leaves, braetlets, and a great 
many flattened nuts. 

In Michigan blue beech occurs locally along streams and in wet 
places and is found most frequently in the southern part of the 
state. 

Betula sp . (Birch) 

Penhallow, 1896, p. 66. 

A few seeds resembling very closely both Betula lutea Michx. f. 
and Betula lenta L. were found in Strata 1 and 2. There seems to 
be a sufficient amount of variation in the seeds of these two modern 
species to make an exact specific identification questionable. The 
composition of the fossil florula is such as to indicate the possible 
presence of both. Both species, although occurring throughout the 
state, are most common in the northern part. 

Betula alba L. var. papyrifera (Marsh.) Spach. 

Safely, 1867, p. 116; Emerson, 1898a, p. 740; 1898b, p. 7; 1917, p. 148; Cooper 
and Foot, 1932, p. 69; Wilson, 1935, pp. 533-535. 

This species is represented by a single seed, small cylinders of 
bark, and a few pieces of wood. The seed is unquestionably that 
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of Betula alba L. var. papyrifera , since the shape, size, and cell 
structure of the wings correspond identically with those features 
in this particular species and variety. 

Although the wood structure was found to resemble very closely 
that of the paper birch, the identification is given with some hesita¬ 
tion, since certain of the diagnostic characters have been obscured 
as a result of decomposition and crushing. 

Paper birch in Michigan occurs from Lansing northward, al¬ 
though Dodge (1912, p. 31) found it quite common a little farther 
south along the Lake Huron shore in St. Clair County. 


FAGACEAE 

Fagus grandifolia Ehrhardt (Beech) 

(PL VII, Pigs. 1-8; Pl. VIII, Figs. 1-4) 

Orton, 1873, pp. 427-428; Knowlton, 1896, p. 371; Mercer, 1899, pp. 279, 281; 

Emerson, 1898a, p. 740; 1898b, p. 7; 1917, p. 148; Hollick, 1906, p. 226; 

Berry, 1906, pp. 88-89; 1907a, pp. 692-693, pl. 2, fig. 7; 1907b, p. 341; 

1909, p. 435; 1910, pp. 393-394; 1914, p. 162; 1915, pp. 206-207; 1926, 

p. 108, pl. 48, figs. 3-13; 1927, p. 25; 1933, p. 11; Baker, 1920, p. 312. 

Beech was the most common member of the fossil florula, and 
was represented by a large number of well-preserved leaves, bud 
scales, flattened burs and nuts, a small twig bearing a terminal bud, 
a single specimen of wood, and pollen. Leaves of this species were 
more abundant than those of any other species and, along with 
leaves of Acer saccharum , formed 85 per cent or more of the leaf 
bed. The pollen can be referred to this species with little doubt. 

The wood structure was well preserved and corresponds iden¬ 
tically with that of the modern beech (Brown and Panshin, 1940, 
pp. 446-448; Record, 1934, pp. 131, 132). Since published descrip¬ 
tions of Pleistocene wood are few, it has been thought advisable to 
describe the structure of some of the wood from this deposit. 

Transverse section. — Annual rings 1.0 to 1.25 mm. wide. Dif¬ 
fuse-porous. Vessels angular to round or oval. Fibers still retain 
their shape, but in many specimens the secondary wall has disor¬ 
ganized, so that only the thin primary wall remains. 

Radial section. — Vessel segments rather long; without spirals; 
end walls oblique, with perforations scalariform to simple; tyloses 
abundant. Rays heterogeneous. 
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Tangential section . — Tyloses present a thin platelike appearance. 
Rays short-uniseriate to large compound structures. 

Beech occurs throughout Michigan, but is more abundant in 
the Lower Peninsula, and is a prominent member of the climax 
forest in the locality where the fossil material was collected. 

Quercus sp . (Oak) 

The only remains of this genus thus far found in the deposit 
consist of pollen. The complete absence of any other remains of 
oak indicates that it probably was not a component part of the 
vegetation along the creek, but grew in a higher, drier upland area 
some distance away from the place of deposition. 

There are many references to the occurrence of Quercus during 
postglacial time as well as throughout the Pleistocene. 

URTICACEAE 

Ulmus americana L. (American elm) 

(PL IX, Figs. 1-4) 

Penhallow, 1896, p. 68; 1898, p. 528; 1907, pp. 449, 450; Berry, 1915, p. 207. 

This species is represented by a large number of leaves and fifteen 
identified specimens of wood from Strata 1 and 2. Although no 
complete specimens of leaves were obtained, it was possible to 
distinguish them from Ulmus fulva Michx. by means of the venation. 

Excluding the effects of disintegration, the wood structure 
corresponds exactly with that of the modern species (Record, 1934, 
pp. 120-121, pi. 3, fig. 2; Brown and Panshin, 1940, pp. 462-464). 

Transverse section . — Annual rings variable in width, 0.25 to 
1.5 mm., and usually visible to the unaided eye. Ring porous. 
Vessels of spring wood large, oval, elliptical to slitlike, and, with 
few exceptions, arranged in a single tangential row. Summer wood 
vessels irregularly angular; arranged for the most part in wavy 
tangential bands. Tyloses present in both early and late vessels. 
Wood parenchyma vasicentric, scarcely distinguishable in poorly 
preserved specimens; in better-preserved specimens distinguishable 
by brownish contents; shape usually distorted. Fibers arranged in 
bands alternating with the bands of summer vessels. The fibers 
seem to have undergone the greatest amount of decomposition. In 
only a few specimens were the outlines of individual fiber cells dis- 
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tinguishable. In some the primary wall was distorted, and the 
secondary wall was present in the form of a small irregular mass 
lying to one side of the cell; in others the secondary wall had en¬ 
tirely disappeared. Rays 1 to 6 cells wide. 

Radial section . — Vessel segments short; tertiary spiral thicken¬ 
ings still present in some of the summer vessels; end walls horizontal to 
oblique; perforations simple. Tyloses abundant. Wood parenchyma 
arranged in vertical strands of 2 to 6 cells. Rays homogeneous. 

Tangential section . — Rays range from short, uniseriate to multi- 
seriate structures 2 to 6 cells wide, and 9 to 40 or more cells high. 
Ray cells distorted because of radial crushing. 

In the present flora white elm is common throughout Michigan. 

Ulmus sp. 

Pollen representing one or more species of elm was found to be 
relatively abundant. Both Ulmus americana and U. fulva were 
probably represented. 

Laportea canadensis (L.) Gaud. (Wood nettle) 

(PL X, Figs. 11-13) 

Characteristic achenes of wood nettle were common in the leaf 
bed. This species occurs throughout Michigan, but appears to be 
more common in the southern part of the state (Quick, 1923, 

p. 226). 

It has not previously been reported from the Pleistocene of 
North America. 

Boehmeria cylindrica (L.) Sw. (False nettle) 

A single achene found in the leaf bed represents the only remains 
of Boehmeria cylindrica . In the present flora of Michigan it is found 
only in the Lower Peninsula. 

There has not been a previous report of the occurrence of the 
genus in the Pleistocene of this country. 

POIiYGONACEAE 

Polygonum acre HBK. (Water smartweed) 

The characteristic black shining achenes of Polygonum acre 
were found occasionally in Stratum 2. In Michigan, water smart- 
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weed inhabits swamps and wet places throughout the state, but it 
occurs more abundantly in the Lower Peninsula. 

Although the genus has been reported previously from the Pleisto¬ 
cene of the United States, this represents the first occurrence of 
Polygonum acre . 

RANUNCULACEAE 

Ranunculus septentrionalis Poir. (Swamp buttercup) 
Emerson, 1898b, p. 7; 1917, p. 148; Berry, 1924, pp. 20, 24; 1933, pp. 15-17. 

Flat, margined achenes with fragmentary styles were frequent 
in Strata 1 and 2. Swamp buttercup is common throughout 
Michigan. 

The genus has been reported previously from the Pleistocene of 
this country, but this is the first record of Ranunculus septentrionalis. 

Ranunculus recurvatus Poir. 

(PI. V, Fig. 6) 

A single achene 2.75 mm. long by 2 mm. wide, flat, with a some¬ 
what fragmentary style, was found in Stratum 1. Although the 
fossil specimen resembles very closely achenes of Ranunculus re¬ 
curvatus Poir., the final identification was made on the basis of the 
cell structure, which seems to resemble that of this species more 
closely than that of any other. In the present flora the species is 
common throughout Michigan. 

It has not been previously reported from the Pleistocene of this 
country. 

Anemone sp. 

(PL V, Fig. 7) 

A single achene, flat, smooth, with style somewhat fragmentary, 
was found in Stratum 2. The shape, size, and cell structure of this 
specimen resemble very closely these features in both Anemone vir- 
giniana Walt, and A. cylindrica Gray. The nature of the fossil 
florula is such as to indicate that the habitat conditions around the 
place of deposition were probably more suitable for Anemone vir- 
giniana than for A . cylindrica . Both species appear to be more 
frequent in the Lower Peninsula of Michigan than in the Upper 
Peninsula. 

This is the first reported occurrence of the genus in the Pleisto¬ 
cene of this country. 
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PLATANACEAE 

Platanus occidentalis L. (Sycamore) 

(PI. XI, Figs. 1-3; PL XII, Figs. 1, 3) 

Knowlton, 1896, p. 371; Penhallow, 1896, p. 68; 1898, p. 526; 1907, p. 448; 

Mercer, 1899, p. 277; Emerson, 1898a, p. 739; 1898b, p. 7; 1917, p. 148; 

Berry, 1907a, pp. 695, 696; 1907b, p. 344; 1910, p. 397; 1914, p. 161; 

1915, pp. 207-208; 1926, p. 112; 1933, pp. 11-12. 

This species is represented by a great many leaves, a few seeds, 
a large log, and several smaller pieces of wood. Because of the 
large size of the leaves it proved to be impossible to secure unbroken 
specimens. Petioles with the characteristic large hollow base and 
detached from the leaf blades were frequent. The log (PI. I, Fig. 2) 
measured 28 inches in diameter, and 109 annual rings were counted. 

Although the original appearance of the wood was changed con¬ 
siderably because of crushing and decomposition, most of the di¬ 
agnostic characters were present (Record, 1934, pp. 130-131; Brown 
and Panshin, 1940, pp. 482-483). 

Transverse section. — Annual rings 2 to 4 mm. wide. Diffuse- 
porous. Vessels narrowly elliptical to slitlike, a shape caused by radial 
crushing of the log. Wood parenchyma diffuse; shape of individual 
cells distorted. Ray cells have abundant reddish-brown contents. 

Radial section .—Vessel segments short; without spirals; end 
walls usually oblique; perforations simple or scalariform; horizontal 
full-bordered pits; tyloses abundant. Rays homogeneous. 

Tangential section. — Vessels radially crushed. Rays broad; 
8 to 14 cells wide and 6 to 7 times as high. Ray cells distorted 
because of radial crushing. Wood parenchyma and wood fibers 
practically indistinguishable; pitting obscure. 

Along the eastern side of Michigan the northern limit of syca¬ 
more is the Saginaw Bay region (Dodge, 1911, p. 96; 1921a, p. 195). 
In the central part of the state it is reported as far north as Ros¬ 
common County (Illick, 1927, p. 61). 

EOSACEAE 

Crataegus sp . (Hawthorn) 

(PL XII, Fig. 2) 

A single incomplete specimen of a leaf, 2.25 inches long by 
1.25 inches wide; serrate-dentate, and appears to have been entire 
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and euneate at the base, and acute or rounded at the apex. There 
is some similarity to leaves of Crataegus Crus-galli L. 

The genus has been reported a number of times from the Pleisto¬ 
cene of this country. 


Rubus idaeus L. (?) 

(PL X, Fig. 3) 

Seeds irregularly bean-shaped; 2 to 2.5 mm. long; 1 mm. 
wide; somewhat flattened; coarsely and irregularly reticulate- 
ridged; raphe conspicuous; seeds sometimes hollow and somewhat 
shriveled. The seeds resemble very closely those of Rubus idaeus 
L., although they are somewhat smaller than those of either the 
species or the variety aculeatissimus [C. A. Mey.] Regel & Tiling, 
which is common in Michigan. It is quite possible, however, that 
Rubus idaeus L. or some form of it is represented. Both R. idaeus 
and the variety aculeatissimus are common throughout Michigan. 

Although this genus has been reported previously from the 
Pleistocene of this country, no specific identifications have been 
made. 


Rubus allegheniensis Porter (?) 

(PL X,* Fig. 4) 

Hansen, 1948, p. 58. 

This identification was made on the basis of two seeds. Seeds 
broadly ovoid, 1.75 to 2 mm. long; 1.25 to 1.5 mm. wide; some¬ 
what compressed; coarsely and irregularly reticulate-ridged, with 
a conspicuous margin extending around them from hilum to end 
of the raphe; raphe conspicuous. These specimens unquestion¬ 
ably belong in the blackberry group and resemble Rubus alleghe¬ 
niensis Porter in every respect except size, since they are slightly 
smaller. This species also is common throughout Michigan. 

Agrimonia sp. (Agrimony) 

(PL X, Figs. 8-9) 

Three fruits, found in Stratum 2, were 3.75 mm. long by 3.25 mm. 
wide; flattened; bristles absent from the marginal rim; conspicuous 
longitudinal ridges present which are characteristic of the fruits 
of Agrimonia. Sufficient diagnostic characters were not present 
to make possible a specific identification. 
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The genus has not hitherto been reported from the Pleistocene 
of North America. 


RUTACEAE 

Zanthoxylum americanum Mill. (Prickly ash) 

(PL X, Figs. 7, 10) 

Hansen, 1948, p. 58. 

A few seeds and a great many characteristic thorns were found 
in Strata 1 and 2. Prickly ash occurs in the Lower Peninsula of 
Michigan and is characteristic of the shrub zone in the beech-maple 
climax association. 


ACERACEAE 

Acer saccharum Marsh. (Sugar maple) 

(PL XIII, Figs. 1-3; PL XIV) 

Dawson and Penhallow, 1890, pp. 329-330; Emerson, 1898a, p. 739; 1898b, 
p. 7; 1917, p. 148. 

The sugar maple, one of the commonest members of the fossil 
florula, was represented by leaves, seeds, and wood. The leaves 
of this species were the second most abundant and, along with those 
of beech, made up 85 per cent or more of the leaf bed (Stratum 1). 

The seeds were flattened, with the wings either fragmentary 
or entirely absent. The wood was poorly preserved, and all the 
necessary diagnostic characters (Record, 1934, pp. 128-129; Brown 
and Panshin, 1940, pp. 494-496) were recognized only after sec¬ 
tioning several pieces. 

Transverse section . — Annual rings 1.0 to 1.4 mm. wide. Diffuse- 
porous. Vessels oval, narrowly elliptical to slitlike; single, or in 
radial rows of 2 to 6; vessel walls partially to entirely disintegrated. 
Brown gummy substance frequent in vessels, or in the spaces left 
after decomposition of the vessels. Fibers mostly collapsed. 

j Radial section. — Vessel segments short; spirals distinguishable 
in some vessels; end walls oblique; perforations simple. Gummy 
deposits in the form of horizontal plates or round masses present 
in the vessels, as in modem wood, but more abundant. In the dis¬ 
integrated vessels the gummy deposits often formed casts showing 
the impression of the spirals. Rays homogeneous. 

Tangential section . — Rays varying from short-uniseriate to large 
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structures 7 or 8 cells wide and 80 or more cells high. Pitting on 
fibers obscure. 

In the present flora sugar maple is found throughout Michigan. 

Acer saccharum var. Rugelii Rehd. (?) 

(PI. XV, Pigs. 1-2) 

A large leaf differing from those of Acer saccharum Marsh, in 
that it is 3-lobed and 3-veined, with an entire to slightly undulated 
margin, has been found to resemble very closely Acer saccharum 
var. Rugelii Rehd., as described by Sargent (1926). The long slen¬ 
der lateral lobe of the fossil specimen agrees better with the descrip¬ 
tion of variety Rugelii than with that of variety nigrum which, on 
the whole, has much broader and shorter lobes. 

Another leaf (PL XV, Fig. 2), also representing some form of 
these species, although fragmentary, was found to resemble closely 
the base of a small leaf of variety Rugelii. However, in view of 
the fact that a great deal of natural variation is found in the leaves 
of A. saccharum , all that can be said with certainty is that these 
leaves represent variations of the species named above. 

Variety Rugelii , according to Sargent (1926), may extend as 
far north as the Southern Peninsula of Michigan and southern 
Ontario. Although it does not appear in any published reports on 
the flora of Michigan, herbarium specimens of it that were col¬ 
lected at Port Huron and Isle Royale are in the herbarium at the 
University of Michigan. 


Acer sp . 

Pollen representing members of this genus was relatively abun¬ 
dant. 


VITACEAE 

Vitis vuVpina L. (River-bank grape) 

(PL X, Fig. 5) 

Hansen, 1948, p. 58. 

A single seed from Stratum 1 has been referred to this species. 
There are many reports of the occurrence of grape in both inter¬ 
glacial and postglacial periods, but only a few specific identifica¬ 
tions have been certainly made. 
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TILIACEAE 

Tilia americana L. (Basswood) 

(PL VI, Figs. 1-5) 

Penhallow, 1898, p. 528; 1907, p. 449. 

Basswood is represented in the leaf bed by a number of leaf 
fragments and a great many bracts and fruits. The leaf specimens 
were referred to Tilia americana L. on the basis of the coarse, deep 
serration of the margin, the long incurved points of the teeth, and 
the long slender, abruptly acute apex. The bracts resembled those 
of this species more closely in general shape and size than those 
of any other species of the genus native to this country. 

Tilia americana is found throughout Michigan. 

HALORAGIDACEAE 

Myriophyllum sp. (Water milfoil) 

(PL IV, Fig. 10) 

A number of small pectinate-pinnatifid floral leaves, 3 to 5.5 mm. 
long, referable to some species of Myriophyllum, were found in 
Stratum 3. There was no indication of their presence in the two 
lower strata. 

The genus has not previously been reported from the Pleistocene. 

CORNACEAE 

Cornus stolonifera Michx. (Red-osier dogwood) 

(PL V, Figs. 8-9) 

A small number of seeds characteristic of this species were 
found in the leaf bed; also a few small, undeveloped fruits of some 
species of dogwood. The red-osier dogwood is common through¬ 
out Michigan. 

The genus has been reported a number of times in the Pleistocene 
of this country, but this is the first record of Cornus stolonifera 
Michx. 

Nyssa sylvatica Marsh. (Black gum) 

(PL VII, Fig. 9) 

Berry, 1933, p. 22. 

A single rather fragmentary leaf, simple, obovate, 1.875 inches 
long, 0.875 inch wide, entire, tip acute; base appears to be cuneate. 
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In shape, size, and details of minute venation it corresponds so 
closely with small leaves of this species that, although it is frag¬ 
mentary, the determination was made without hesitation. 

In Michigan black gum is frequent in the southern half of the 
Lower Peninsula and extends as far north as Manistee on the Lake 
Michigan side (Otis, 1925; Illick, 1927). On the Lake Huron side 
of the state it extends as far north as Omer, in Arenac County 
(Dodge, 1921b, p. 17). The northern limit of Nyssa sylvatica in 
Michigan today is only about sixty miles north of the place where 
it grew about ten thousand years ago. 


OLEACEAE 

Fraxinus sp. (Ash) 

(PL XYI, Figs. 1-2, 4) 

Penhallow, 1898, pp. 525-529; 1900, pp. 334-339. 

Fragmentary leaflets referable to this genus were abundant in 
the leaf bed. On the basis of shape, size, and, more especially, 
character of the margin and venation, these specimens resemble 
more closely leaflets of Fraxinus americana L. and F. pennsylvanica 
Marsh, than those of any other species. No diagnostic character 
was found which could be used to determine definitely which one 
of the two species was represented. The nature of the fossil florula 
indicates a beech-maple climax forest, and since F. americana is 
considered an abundant dominant in the beech-maple climax forest 
of the Lower Peninsula, with F. pennsylvanica present in the low¬ 
land areas (Quick, 1923, pp. 223-232), it is altogether possible that 
both species may be represented by these fossil specimens. 

The Fraxinus pollen found may represent more than one species. 

Fraxinus americana is common throughout Michigan, whereas 
F. pennsylvanica is found chiefly in the southern part of the Lower 
Peninsula. 

Fraxinus nigra Marsh. (Black ash) 

(PI. XVI, Fig. 3) 

Penhallow, 1898, pp. 527, 528; West, 1935, pp. 20-22, pi. 324, figs. 1-4; Han¬ 
sen, 1948, p. 59. 

A single specimen of wood from the south bank of the creek 
represents the only remains of black ash. Although poorly pre- 
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served, its structure corresponds with that of the wood of the mod¬ 
em species (Record, 1934, p. 124, pi. 5, fig. 2; Brown and Panshin, 
1940, pp. 518-519). 

Transverse section. — Annual rings 0.5 to 0.75 mm. wide. Ring 
porous. Spring vessels irregularly oval, narrowly elliptical to slitlike; 
arranged singly or in radial groups of two. Shriveled tyloses some¬ 
times visible. Summer wood vessels relatively large, isolated, or in 
radial rows of two or three, and surrounded by wood parenchyma, 
which has usually not undergone as much decomposition as the 
fibers. The masses of parenchyma surrounding the summer wood 
vessels do not ever appear to be connected. Rays difficult to dis¬ 
tinguish and study. 

Radial section. — Vessel segments short; without spirals; end 
walls transverse to oblique; perforations exclusively simple. Rays 
homogeneous. A golden brown gummy substance was sometimes 
present in the vessels and is undoubtedly a decomposition product. 

Tangential section. — Rays distorted as a result of crushing; 
1 to 3 cells wide, with the majority of them biseriate; 3 to 16 cells 
high. Difficult to distinguish individual fibers because of decompo¬ 
sition and collapse of the walls. 

In the present flora black ash is found throughout Michigan; 
it becomes more important in the northern part of the state. 

CAPRIFOLIACEAE 

Sambucus canadensis L. (Common elder) 

(PL X, Fig. 1) 

Berry, 1924, p. 20; 1933, pp. 22, 23; Hansen, 1948, p. 59. 

Nutlets of the common elder were found to be very abundant 
in Strata 1, 2, and 3. 

This species is common throughout Michigan and abundant in 
the locality where the fossil collection was made. 

Sambucus racemosa L. (Red-berried elder) 

(PL X, Fig. 2) 

Hansen, 1948, p. 59. 

Seeds of this species were distinguished from those of Sambucus 
canadensis because the surface is less rough and is composed of tiny 
wavy ridges, which are for the most part horizontal and parallel. 
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Sambucus racemosa is found throughout Michigan, but most 
abundantly in the northern part. 

COMPOSITAE 

Bidens frondosa L. (Beggar-ticks) 

(PL X, Fig. 6) 

Berry, 1938, p. 23. 

A number of achenes characteristic of this species were found 
in the leaf bed. Achenes 8 mm. long by 3 mm. wide; obovate- 
cuneate; flat; 1-nerved on either face; 2-awned; awns retrorsely 
barbed; only fragmentary remains of hairs present on the margins 
of achenes. 

Bidens frondosa L. is of common occurrence throughout Michigan. 
Bidens laevis (L.) BSP. 

Four achenes belonging to this species were found in the leaf 
bed. Achenes 6 to 7 mm. long; wedge-shaped; many-nerved; 
4-awned; awns retrorsely barbed; retrorsely hispid on the margins 
of the achenes. 

In Michigan this species has been reported only in the southern 
part of the Lower Peninsula, where it has been found in St. Clair 
County (specimen in the University of Michigan Herbarium), 
Tuscola County (Dodge, 1921a, p. 220), Huron County (Dodge, 
1911, p. 118), and the Grand Rapids region. 

Bidens cernua L. (?) 

Achene 5 mm. long; wedge-obovate; many-nerved; fragmentary 
remains of four awns. This specimen resembles Bidens laevis (L.) 
BSP. very closely except that it appears to have been dilated at 
the tip and to have been 4-angled, as in B . cernua . The fragmentary 
awns appear to have been retrorsely barbed. Since the single 
specimen is incomplete, the specific identity remains questionable. 
B. cernua L. is of frequent occurrence throughout the state. 

A RECONSTRUCTION OF THE FOSSIL FLORTJLA 

At the beginning of the last or highest stage of glacial Lake 
Algonquin a climax forest of beech and maple flourished in the 
valley of Big Creek a short distance inland from the lake. Abundant 
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evidence of this was afforded by the thick leaf bed in Stratum 1, 
which was deposited during the early part of the uplift in the north. 
Eighty-five per cent of the deciduous leaves were found to be beech, 
Fagus grandijolia Ehrh., and sugar maple, Acer saccharum Marsh. 
Beech was represented by the greatest variety of remains, comprising 
leaves, seeds, fruits, bud scales, twigs, and wood, which would seem 
to indicate its dominance in the number of individuals. Sugar 
maple, represented abundantly by leaves and wood, appeared to 
be codominant with the beech. In all probability these two trees 
formed a dense, shady forest in the valley of Big Creek. 

Hemlock, Tsuga canadensis (L.) Carr., ranked third in abundance 
of fossil remains. Many needles, cones, and seeds were present 
throughout the leaf bed and Strata 2 and 3. The abundance of 
hemlock remains and the fact that it is a shade-tolerant tree suggest 
that it was an important constituent of the forest at that time. 
At the present time hemlock occurs in the Lower Peninsula of Michi¬ 
gan in the northern consocies of the beech-maple climax association 
but extends south on both sides of the peninsula. On the eastern 
side along Lake Huron it occurs south of Forester about as far as 
Port Huron (Quick, 1923, p. 225). 

Other important components of the forest were the American 
elm, Ulmus americana L., ash, either Fraxinus americana L. or F, 
pennsylvanica Marsh., or possibly both, sycamore, Platanus octi- 
dentalis L., and basswood, Tilia americana L., arranged in the order 
of the abundance of their fossil remains. Black birch, Betula lenta 
L., or yellow birch, Betula lutea Michx. f., or perhaps both, may 
have been present in greater numbers than the scant fossil remains 
suggest. 

Other less important members of the forest were black ash, 
Fraxinus nigra Marsh., black gum, Nyssa sylvatica Marsh., haw¬ 
thorn, Crataegus sp. } and a form of Acer saccharum Marsh., the 
leaves of which resemble those of variety Rugelii. 

The shrubs associated with this forest were the common elder, 
Sambucus canadensis L., blue beech, Carpinus caroliniana Walt., 
prickly ash, Zanthoxylum americanum Milk, red-osier dogwood, 
Cornus stolonifera Michx., red raspberry, Rubus idaeus L., a black¬ 
berry closely resembling Rubus allegheniensis Porter, and the red- 
berried elder, Sambucus racemosa L. Sambucus canadensis L. is 
the most abundant shrub at the present time in the beech-maple 
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climax association in this particular area (Quick, 1923, p. 228). 
Among the fossil shrubs this species also ranked first in quantity 
of remains, and Carpinus caroliniana Walt, ranked second. 

In the herbaceous layer hooked crowfoot, Ranunculus recurvatus 
Poir., is the only representative of the vernal vegetation. The sum¬ 
mer aspect of the flora showed anemone, either Anemone cylindrica 
Gray or A . virginiana L., swamp buttercup, Ranunculus septentriona - 
Us Poir., and agrimony, Agrimonia sp., near the margin of the 
woods, and false nettle, Boehmeria cylindrica (L.) Sw., and wood 
nettle, Laportea canadensis (L.) Gaud., in the deep shade of the 
forest. The late summer and autumnal aspect of the herbaceous 
layer is indicated by the remains of water smartweed, Polygonum 
acre HBK., and the bur marigolds, Bidens cernua L., B. frondosa L., 
and B. laevis (L.) BSP. 

Paper birch, Betula alba L. var. papyrifera (Marsh.) Spach., 
although not a member of the climax forest, was present in small 
numbers and probably grew somewhere near by in a drier situation 
along the sandy lake shore, as it does today. 

In Strata 2 and 3, just above the leaf bed remains of Chara sp., 
Potamogeton sp ., Myriophyllum sp., and shells provide evidence of a 
rising water level in the mouth of Big Creek as a result of con¬ 
tinued uplift of the land in the north. These two upper layers con¬ 
tained abundant remains of aquatic plants which grew in the mud 
and shallow water at the edge of the .creek and estuary. They 
included water plantain, Alisma Plantago-aquatica L., spike rush, 
Eleocharis olivacea Torr., arrowhead, Sagittaria latifolia Willd., one 
of the bur reeds, Sparganium sp., Dulichium arundinaceum (L.) 
Britton, and the sedges, Carex lupulina Muhl., C. retrorsa Sehwein., 
and another which resembled in detail C . Schweinitzii Dewey, and 
a cattail, Typha sp. Remains of Larix laricina (DuRoi) Koch 
and Thuja ocaidentalis L. indicate swamp conditions around the 
estuary. 

Among the species represented by macroscopic remains recov¬ 
ered from this old estuary only one, Pinus Strobus L., was char¬ 
acteristic of drier upland conditions. The small amount of pollen 
obtained from the silts of Strata 1, 2, and 3 indicate, in addition 
to the mesophytic forest along the creek, a drier upland habitat in 
which were Quercus sp., Cary a sp., and two different species of Pinus. 

It can be inferred that the area inhabited by plants the remains 
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of which were preserved in the silts of the old estuary was rather 
limited, and was probably confined to a narrow strip of land along 
the lake which is characterized by fertile lake clay. Back of this, 
in the upland, is an area characterized by a poorer type of soil 
formed by ground moraines and till plains, with boggy areas in the 
low places (Leverett and Taylor, 1915, pi. 7). The climax type of 
forest may have been scarce or absent in this region, which may 
have been covered with a forest predominating in oak and hickory, 
with white pine present as a relict of the earlier pine-hemlock forest. 

CLIMATIC SIGNIFICANCE OF THE FOSSIL FLORULA 

According to Antevs J estimated temperature changes during 
postglacial time, the temperature during the life of Lake Algonquin 
was lower than that prevailing today in Michigan (Antevs, 1931, 
pp. 2-15). No evidence has been obtained from the presence of 
a fossil florula composed of more than fifty genera which would 
indicate definitely that the climate in the vicinity of Forester during 
late Algonquin time was at all different from that prevailing there 
today. The species in the fossil forest are, for the most part, those 
characteristic of the beech-maple forest growing in that particular 
region today (Quick, 1923, p. 228). Certain species of secondary 
importance which are characteristic and abundant in the climax 
forest in the northern part of the Lower Peninsula, as, for example, 
Taxus canadensis , Acer pennsylvanicum , Acer spicatum, Gaylussacia 
baccata , Lonicera canadensis , and Sambucus racemosa , were absent 
in the fossil material, with the exception of Sambucus racemosa . 
This species, although prominent in the north, is found sparingly 
in the southern part of the state. The much greater abundance of 
fossil seeds of S. canadensis appears to indicate that it was more 
prominent than S. racemosa in the Forester region during later 
Algonquin time, as it is now in the modern flora. 

The large amount of hemlock, also more prominent in the climax 
forest farther north, might be interpreted as indicating a lower tem¬ 
perature. But, on the other hand, hemlock is to be found reproducing 
itself today in a beech-maple grove within a mile of the Forester 
deposit. Since the deposit undoubtedly contains remains from an 
area of rather limited dimensions, the reasons are equally strong for 
not interpreting the abundant remains of this species as an indication 
of a lower temperature than that which occurs there today. 
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The abundance of Platanus and the presence of Nyssa indicate a 
relatively warm climate similar to that of the present. The northern 
limit of the range of these two species in the Lower Peninsula today 
is only fifty to seventy-five miles north of Forester. The occurrence 
of these two species during Algonquin time so near to the northern 
limits of their present ranges strongly indicates climatic conditions 
similar to those now prevailing in that vicinity. 

The close proximity of the ice front, 240 to 250 miles distant, 
apparently had little if any effect on the climate, at least so far as 
the type of vegetation was concerned. All the species in the fossil 
florula which have a characteristically wide northern distribution 
may be found growing some distance south of Forester today. Up- 
ham (1895) recognized that the nearness of the margin of a con¬ 
tinental ice sheet to a certain region would not materially affect the 
temperature, and he believed it to be entirely possible for a warm 
temperate flora and fauna to keep pace with the glacial recession. 

Of the 416 species of vascular plants found growing on the nar¬ 
row rim of land surrounding the continental ice cap in Greenland, 
Fernald (1925, pp. 245-246) says: . . 275 (67% of the Green¬ 

land flora) occur south of the St. Lawrence or the Straits of Belle 
Isle, 243 of them (58J % of the Greenland flora) being known at or 
near sea-level; and 100 species (24% of the Greenland flora) occur 
in Massachusetts, Rhode Island or Connecticut. Furthermore, 75 
species which occur in Greenland (18% of its flora) are plants of 
temperate eastern America which reach their northeastern limits 
in America (outside of Greenland) at or near the Straits of Belle 
Isle.” 

At Mendenhall Glacier, near Juneau, Alaska, Taylor (1932, 
p. 387) noted that the first pioneers appeared on glacial sand 2,170 
feet away from the face of the glacier, and that Picea sitchensis 
and Tsuga heterophylla were present with them. At a distance of 
6,070 feet from the margin of the ice he found a subclimax forest 
composed exclusively of spruce seventy-five years old. 

Cooper (1942) pointed out that the fossil coniferous forest near 
Minneapolis, Minnesota, described by Cooper and Foot (1932), was 
well established when the continental ice front was only 150 miles 
or less distant. And close proximity to a receding ice sheet is not 
prohibitive to shrub and tree growth in similar situations in Alaska, 
where in some places alder thicket and spruce forests grow on abla- 
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tion moraines that rest upon stagnant ice (1923). But he suggested 
caution in drawing parallels between the conditions in Alaska today 
with those surrounding a continental ice sheet on the interior of a 
continent. 

In Michigan there may have been local conditions which hastened 
the development of a beech-maple climax forest. In the Lower 
Peninsula the range of many southern plants extends farther north 
along both the Lake Michigan and the Lake Huron shores than 
in the center of the state, and likewise the range of many northern 
plants extends farther south along the two shorelines than through¬ 
out the interior of the state. It is known that the Great Lakes 
tend to equalize the temperature of the land surfaces near by 
(Schneider, 1917, p. 1). In an ecological study of Michigan vegeta¬ 
tion Quick (1923, p. 234) made the following statement: “The 
more moderate climate of the lake shores allows the northern plants 
to remain here uninjured by the heat of the summer, and at the 
same time allows a northward advance of southern species in the 
same regions because of the lessened severity of the winter.” It is 
altogether possible that the same conditions prevailed during Al¬ 
gonquin time and that a beech-maple climax forest invaded Michi¬ 
gan along the eastern side of the state more rapidly than in the 
central part. The strip of lake clay along the eastern side of the 
“Thumb” (Leverett and Taylor, 1915, pi. 7) doubtless caused a 
more rapid development of the vegetation to the climax forest 
condition. The high water-holding capacity of the clay would 
make it possible for humus to develop rapidly and thus prepare the 
soil for occupancy by a mesophytic forest. The region to the north 
and south of Forester bordering on the lake was no doubt also 
characterized by the same type of forest, since the soil is generally 
the same. 

The fossil forest indicates that optimum growing conditions had 
been attained during late Algonquin time in the valley of Big Creek, 
near Forester, Michigan, with respect to (1) moisture, (2) soil, and 
(3) atmospheric factors. On the basis of the evidence at hand the 
climate in Sanilac County at that time may be regarded as having 
been similar to that prevailing there today. Whether or not this 
forest of late Algonquin time remained unaltered by climatic fluctua¬ 
tions during the intervening time up to the present has not been 
proved. However, no significant change in type of forest vegetation 
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was indicated by the fossil remains in the strata of the old estuary 
which existed during the time of the last or highest stage of Lake 
Algonquin, a period of approximately four thousand years. It is 
significant that there is in the Forester area at the present time a 
climax forest similar in its component species to the fossil forest 
which flourished there over ten thousand years ago. 

SUMMARY 

1. A postglacial deposit in Sanilac County, near Forester, 
Michigan, is described. 

2. The deposit was formed during the last or highest stage of 
glacial Lake Algonquin. 

3. The deposit is of considerable antiquity and is about 10,500 
years old. 

4. The fossil material identified represents thirty-three families, 
fifty-three genera, and forty-nine species. 

5. The fossil florula represents a beech-maple climax forest made 
up of the same plants which characterize the climax forest in the 
southern half of the Lower Peninsula of Michigan, rather than the cli¬ 
max forest of the northern part of the Lower Peninsula and in the 
Upper Peninsula. 

6. The presence of a beech-maple climax forest during late Al¬ 
gonquin time indicates that optimum growing conditions had been 
attained in that locality with regard to (1) soil, (2) rainfall, and 
(3) temperature. 

7. The climate is considered to have been similar to that pre¬ 
vailing today in Sanilac County, Michigan. 

United States Department op Agriculture 
Raleigh, North Carolina 
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PLATE I 
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Fig. 1 . Exposures in the north and south banks of 
Big Creek, near Forester, Michigan (photograph 
by Mr. L. A. Harris) 

Fig. 2. Section exposed in the north bank of Big 
Creek 
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PLATE II 



Fig. 1 . Fossil leaves weathered out from Stratum 1 

Fig. 2. Thuidium delicatulum (Hedw.) Mitt. Habit*of plant. X 20 

Fig. 3. Thuidium delicatulum (Hedw.) Mitt. Part of a single leaf. X 70 






EXPLANATION OF PLATE III 


Fig. 1. Leucodon sciuroides (L.) Schwaegr. A single leaf. X 75 
Fig. 2. Anomodon attenuatns (Hedw.) Htiben. A single leaf. X 75 
Fig. 3. Eurhynchium strigosum (Hedw.) J. and S. Habit of plant. X 30 
Fig. 4. Eurhynchium strigosum (Hedw.) J. and S. A single leaf. X 75 
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EXPLANATION OF PLATE IV 


Fig. 1. Onoclea sensibilis L. Part of fertile frond. X 1 

Fig. 2. Tsuga canadensis (L.) Carr. A small twig and individual needles. X 1 

Fig. 3. Tsuga canadensis (L.) Carr. Seeds. X 1 

Fig. 4. Tsuga canadensis (L.) Carr. Open cones. X 1 

Fig. 5. Thuja occidentalis L. Small twigs. X 1 

Fig. 6. Thuja occide?italis L. Open cones. X 1 

Fig. 7. Pinus Strohus L. Lower half of an open cone. X 1 

Fig. 8. Sparganium sp . Aehenes. X 4 

Figs. 9, 11. Potamogeton sp. Aehenes representing three species. X 4 
Fig. 10. Myriophyllum sp. Floral leaves. X 1 
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EXPLANATION OF PLATE V 

Fig. 1. Sagittaria latifolia Willd. Achenes. X 4 

Fig. 2. Dulichium arundinaceum (L.) Britton. Achene. X 4 

Fig. 3. Carex lupulina Muhl. Achene. X 4 

Fig. 4. Carex retrorsa Schwein. Achenes. X 4 

Fig. 5. Carex Schweinitzii Dew.? Achenes, one enclosed within perigynium. X 8 

Fig. 6. Ranunculus septentnonalis Poir. Achene. X 4 

Fig. 7. Anemone sp. Achene. X 4 

Figs. 8, 9. Cornus stolonifera Michx. Seeds. X 4 
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EXPLANATION OF PLATE VI 

Figs. 1-2. Tilia americana L. Bracts. X 1 

Fig. 3. Tilia americana L. Fruit. X 1 

Figs. 4-5. Tilia americana L. Fragments of leaves. X 1 

Fig. 6. Carpinus caroliniana Walt. Leaf. X 1 

Fig. 7. Carpinus caroliniana Walt. Seed. X 1 

Figs. 8-9. Carpinus caroliniana Walt. Bracts. X 1 




EXPLANATION OF PLATE YII 

Figs. 1-2. Fagus grandifolia Ehrhardt. Fruits. X 1 

Figs. 3-5. Fagus grandifolia Ehrhardt. Seeds. X 1 

Fig. 6. Fagus grandifolia Ehrhardt. Twig. X 1 

Fig. 7. Fagus grandifolia Ehrhardt. Bud scales. X 1 

Fig. 8 . Fagus grandifolia Ehrhardt. Transverse section of wood. X 125 

Fig. 9. Nyssa sylvatica Marsh. Leaf. X 1 









Figs. 1-4. Fagus grandifolia Ehrhardt. Leaves. X 1 





Ulmus americana L. 


Figs. 1-3. Leaves. X 1 

Fig. 4. Transverse section of wood. X 125 


EXPLANATION OF PLATE X 

Fig. 1. Sambucus canadensis L. Seeds. X 4 

Fig. 2. Sambucus racemosa L. Seeds. X 4 

Fig. 3. Rubus idaeus L. ? Seeds. X 4 

Fig. 4. Rubus allegheniensis Porter. ? Seeds. X 4 

Fig. 5. Vitis vulpina L. Seed. X 4 

Fig. 6. Bidens frondosa L. Achene. X 4 

Fig. 7. Zanthoxylum americanum, Mill. Thorn. X 4 

Figs. 8-9. Agrimonia sp. Fruits. X 4 

Fig. 10. Zanthoxylum americanum Mill. Seed. X 4 

Figs. 11-13. Laportea canadensis (L.) Gaud. Achenes. X 6 
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Figs. 1-3. Platanus occidentalis L. Leaves. X 1 
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Fig. 1. Platanus occidentals L. Transverse section of wood. X 125 

Fig. 2. Crataegus sp. Leaf. X 1 

Fig. 3. Platanus occidentals L, Part of a leaf. X 1 
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Acer saccharum Marsh. Transverse section of wood. X 125 
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Pigs. 1-2. Leaves of Acer saccharum var. Rugelii Rehd. (?) X 1 
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FORESTRY 




SOME RESUPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES. XVIII* 


DOW V. BAXTER 

F IELD observations over muck of North America and Europe 
indicate that practically all the resupinate polypores from the 
region of the Great Lakes grow elsewhere on our continent and that 
a large number of them occur in Europe. Among the many species 
common to both Europe and North America it appears that the 
North American specimens exhibit even wider variations in growth 
and structural features than do specimens found abroad. Perhaps 
this is because of a greater number of kinds of substrata and the 
more divergent environments on our continent than in Europe. 
It is only natural that these facts should lead to the description of a 
large number of species here, but it is likely that at least several 
of the plants are actually forms or races and do not deserve specific 
rank. It is for this reason that a study of the characteristics of 
American plants in culture is becoming increasingly important. 

Polyporus abietinus may be cited as an example of a plant that 
is found on both continents and that exhibits a wide range of varia¬ 
tion, I was unable to find our common and closely allied Pol . 
pargamenus on the aspen about Uppsala although environmental 

* Throughout the work on these monographs I am indebted to many in¬ 
stitutions and individuals for suggestions, help, and privileges extended to me. 
Grants from the Horace H. Rackham School of Graduate Studies, of the Uni¬ 
versity of Michigan, have greatly facilitated both the field and the laboratory 
studies. My appreciation is expressed particularly to the men who have ac¬ 
companied me on my numerous expeditions to Alaska, the Yukon Territory, and 
the Northwest Territories. Much credit is due them for aiding in the collection 
and care of specimens and for living, at times, under rather difficult circumstances. 
I am under obligation to Professor T. G. Halle of Naturhistoriska Riskmus6et 
in Stockholm, with whom I have had the pleasure of association. Thanks are 
due several American institutions and scholars, also. To the authorities at the 
New York Botanical Garden, to the staff of the Division of Pathological and 
Mycologieal Collections of the United States Department of Agriculture, and 
to Professor H. H. Bartlett, of the University of Michigan, I am especially 
indebted. 
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conditions for Pol . dbietinus and Pol. pargamenus in this country 
seem to be identical and Pol . dbietinus was plentiful on the spruce 
in Sweden. At least two distinct forms of Pol. dbietinus , however, 
do occur in Europe and these have received specific names under 
two different genera (18). The extreme morphological variants of 
this plant are represented chiefly by the porose form of Pol. dbietinus 
(Dicks.) Fr., in the limited sense, and by forms in which teeth, or 
even lamellae, appear. This latter plant has been designated in 
Europe as Irpex fuscoviolaceus (Ehrenb.) Fr. In America the 
fungus presents many variations, and it may at first seem hopeless 
to try to draw distinct limits between the different forms. Inter¬ 
fertility between porose and other forms from America and Europe 
has been demonstrated, so that at least several of them must be 
regarded as conspecific. Eobak (18) has cited an additional example; 
he has demonstrated that the submerged hyphae of Trametes odorata 
of Europe and T. americana Overh. of North America “intermingled 
readily,” and so he regards T. americana as only a subspecies of 
T. odorata . 

This, the eighteenth paper in the present series,* represents a 
continuation of the study of the resupinate polypores with reference 
to their occurrence in the field, their distribution, and their morpho¬ 
logical characteristics, as well as their features in culture. Two new 
species (Poria herbicola and P. Diospyri ) and two new varieties are 
described. 


Poria herbicola sp. nov. 

(Plate I) 

Type: 

Poria herbicola sp. nov. on soil, Ann Arbor, Michigan. Coll. Dow V, Baiter, 
July 15, 1945. Herb. Dow Y. Baxter, Ann Arbor. 

Fructificatio annua, effusa per caespites graminum et trifoliorum, 
30 cm. diam., prope culm os et laminas graminum nodulosa 
sterilisque, alba vel albida, nondum mortua subsicca et sub- 
coriacea, siccitate dura et ossea; marginibus fertilibus; poris 
1-2 mm. (plerumque 2 mm.) longis, siccitate solum 0.5-1 mm. 
(vel minus); orificiis angularibus, 0.5-1 mm. diam., albis vel 
pallide salmonicoloribus, aetate cinerescentibus; sporis 4(5) p 
longis, 3 p crassis; hypharum membrana tenui; hyphis vivis 
4(5) p crassis. 
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Specimen typicum legit Dow V. Baxter, no. 23165, prope Ann 
Arbor, Michigan, Jul. 15, 1945; in herb, auctoris conservation. 

Fructification annual, effused over lawn in patches approximately 
30 cm. in diameter and killing the grass, becoming nodular and 
sterile about grass blades, white or whitish in both fresh and dried 
specimens, dry and somewhat coriaceous even when fresh, drying 
hard and bonelike; margins becoming fertile; tubes 1-2 mm. 
(mostly 2 mm.) long when fresh, drying down to 0.5-1 mm. or 
less; mouths angular, 1 or 2 to a mm., white to “pinkish buff” 
when fresh, graying, when dried, to “light buff”; spores 4(5) X 
3 p; hyphae thin-walled, 4-5 p in diameter, when fresh mostly 4 p. 

Allied species, — The habitat of this plant suggests that it might 
be Poria terrestris, or at least be related to one or more of the 
interpretations given that species — especially since almost any 
specimen found on soil has acquired that name. P. terrestris 
Pers., however, becomes brownish red upon drying, as does 
P. terrestris DC. (Fl.fr., 6:39= P. mollicula Nob. p. t. [Lloyd, 
Myc. Not, n. 40, p. 543], non P. terrestris Pers. nec Bres. ex 
Bourdot and Galzin). The majority of the specimens under 
this name examined in European herbaria are brown or red¬ 
dish brown and do not suggest P. herbicola in color upon drying. 
The spores of P. terrestris Pers. are somewhat larger, i.e. 5-6 X 

3.5- 4 p (Bourdot and Galzin). Color variations between the 
dried plants of other interpretations mentioned will serve as the 
best means of distinguishing them. 

Dried specimens of Poria herbicola suggest P. rancida Bres., 
which also grows on fallen needles and sticks, but that species 
does not remain so whitish, becoming more “pinkish buff” 
upon drying. Furthermore, the spores of that species are 5-7 X 

2.5- 2.7 p (Bourdot and Galzin) . 

Habitat — On soil and grass. 

Distribution . — Michigan. 

Poria Diospyri sp. nov. 

(Plate II) 

Type: 

Poria Diospyri on Diospyrus virginiana , Sand Springs, Oklahama. Coll. Lt. Al¬ 
bert T. Lagemaum and Dow V. Baxter, Aug. 25, 1945. Herb. Dow V. 
Baxter, Ann Arbor. 
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Fructificatio annua vel perennis, usque ad 1 m. in ligno Diospyri 
virginianae effusa; plantis annuis plerumque 2 mm. crassis, al- 
bidis vel pallide ochraceis, plantis perennibus ca. 5 mm. crassis, 
plerumque albidis vel subsulphureis; poris 0.5-3 mm. longis, 
in speciminibus vetustis plerumque 2.5 mm. longis, 2- vel 3- 
stratis; orificiis vel mm. diam., albis«vel siccitate pallide 
luteiochraceis; sporis 3-4 p longis, 2-3 p crassis, plerumque 
3X 4 /i; hyphis hyalinis saepe incrustatis, septatis vel haud 
septatis, diam. 3-5.5 p. 

Specimen typicum legerunt Lt. Albert T. Lagemann et Dow V. 
Baxter, no. 23166, prope Sand Springs, Oklahoma, Aug. 25, 1945; 
in herb, auctoris conservatum. 

Fructification annual or perennial, effused for as much as 1 meter; 
one-year-old plants mostly about 2 mm. thick, whitish to tan, 
older specimens approximately 5 mm. thick, mostly white or 
slightly sulphureous; tubes 0.5-3 mm. long, in old specimens 
usually 2.5 mm. long, in two or three layers; mouths mostly 5-6 
to a mm., white, drying “ ivory-yellow” to tl ‘ cream-buff” to 
“chamois”; spores (2)3 X (3)4 p) hyphaehyaline, often incrusted, 
septate or nonseptate, 3-5.5 p in diameter. 

Allied species . —Annual specimens of Poria Diospyri suggest some 
of the many growth forms of P. versipora because of their color 
and texture, especially since it is common for P. versipora to 
live through the winter. P. Diospyri suggests P. versipora only 
in annual growth forms, however, for, with age, it becomes a 
thick plant, the mouths, if not whitish, are more brown than 
“cinnamon-buff” and are much smaller (5-6 to a mm.) than 
those of P. versipora (1-3 to a mm.), and the dissepiments are 
not dentate. Older specimens of P. Diospyri are also somewhat 
chalky in appearance, a feature that is not characteristic of P. 
versipora . 

Differences between thin and older forms are great enough to 
make them appear at first glance to be two species. The plants 
studied, however, were collected on the same log, and the develop¬ 
ment of the old from the younger forms was traced in the field. 
Thicker and older specimens resemble Poria xantha crassa much 
more than they do P. versipora. The mouths of the tubes in both 
porias are of small diameter. Furthermore, the color in mature 
specimens of P. Diospyri may be sulphureous (“ivory-yellow”) 
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as in P. xantha crassa. Chalky appearance and checking upon 
drying are characteristic of both plants. These porias may be 
separated by their spores, which are allantoid, 4-6 X 1-1.5 p, in 
P. xantha crassa and 3 X 4 p in P. Diospyri . 

Habitat. — Diospyrus virginiana. 

Distribution. — Oklahoma. 


Fomes robustus Taxodii var. nov. 

(Plate III) 

Type: 

Fomesrobustus Taxodii var. nov. on Taxodium distichu?n } Okeefinokee swamp, 
Georgia. Herb. Dow V. Baxter, Ann Arbor. 

Fructificatio partim perennis, in areis 1-4 persistens et incrementis 
stratosis annuis gradatim minoribus accreseens, plerumque adnata 
sed saepe ad marginem separans; marginibus primum 1-2 mm. 
latis, rosaceibrunneis, aetate fertilibus, erassioiibus, sublutei- 
brunneis; subiculo tenui, plerumque minus quam 1 mm. crasso; 
strato composito, tubuloso usque ad 3 cm. crasso, sed saepe minus 
quam 1 cm. et eo Poriae typicae lignosae simili modo “generis” 
Fomitiporiae; tubis annuis, 2-4 mm. longis, obvie stratosis, ore 
subcircularibus, crassis, integris, 5-7 in uno mm., ochraeeis vel 
brunneis; spoils globosis 5-8 p diam.; hyphis subiculi brunneis, 
simplicibus, non septatis, 2-5-3.5 p diam., setae desunt. 

Specimen typicum legit D. V. Baxter in ligno Taxodii distichi, 
in locis lacustribus “ Okeefinokee Swamp,” Georgia; conservatum 
in herbario auctoris. 

Fructification perennial in small patches, mostly adnate, but often 
separating at the margins upon drying; margin at first 1-2 mm. 
wide, “Saccardo’s umber,” becoming fertile and, often, thick 
and “Verona brown”; subiculum thin, mostly less than 1 mm. 
thick; tube layers reaching a thickness of about 3 cm., but often 
less than 1 cm. thick, and resembling those of a typical non- 
woody poria as much as do the tube layers of perennial forms that 
have been classed as Fomitiporia; tubes 2-4 mm. long each 
season, rather distinctly stratified; mouths subcircular, thick- 
walled, entire, averaging 5-7 to a mm., “clay-color,” “buckthorn- 
brown,” or “raw sienna”; spores globose, 5-8 p in diameter; 
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hyphae of subiculum brown, simple, nonseptate, 2.5-3.5 p in 
diameter; no setae. 

Allied species. — The new variety, which grows on bald cypress, 
differs chiefly in size from Fomes robustus tsuginus (Peck) Overh., 
which is very common on Tsuga canadensis and T. heterophylla 
and much less abundant on western species of Abies. F. robustus 
Taxodii does not cover large areas of log surface and the tubes are 
commonly in one layer, that is, the plant is often less than 0.5 cm. 
thick and never becomes so multilayered as does the species. In 
this form it more nearly resembles Fuscoporia juniperina Murr. 
than it does the allied variety tsugina. It is to be distinguished 
from Fuscoporia juniperina by its orbicular type of growth and 
by its greater thickness at maturity. The receding type of growth 
exhibited in old specimens of the variety Taxodii is not evident in 
Fuscoporia juniperina. The spores of Fuscoporia juniperina are 
5-6 p and are therefore smaller, and setae occur in that species, 
but not in Fomes robustus tsugina. Fruiting bodies of the variety 
Taxodii do not appear at the junction of a branch, as those of 
the species usually do, and the variety does not occur on standing 
trees. 

Habitat. — Taxodium distichum. 

Distribution. — Georgia. 

Decay. — Fomes robustus Taxodii produces a white rot in cypress. 
The decayed wood separates into sheets. 

Polyporus abietinus (Dicks.) Fr., Syst. Myc., 1:370. 1821 

(Plate IV) 

Boletus abietinus Dicks., PL Crypt. Brit., 3: 21. 1793. 

Boletus incarnatus Sebum., Enum. PI. Saell, 2: 391. 1803. 

Polyporus parvulus Schw., Trans. Am. Phil. Soe., II, 4:157. 1832. 

Polystictus abietinus (Dicks.) Cooke, Grevillea, 14:84. 1886. 

Coriolus abietinus (Dicks.) Quel. Ench. Fung., p. 175. 1886. 

Poria caesioalba Karst, in Sacc., Syll. Fung., 6: 305. 1888. 

Polystictus pusio Sacc. & Cub. in Sacc., Syll. Fung., 6:265. 1888. 

Daedalea unicolor violacea Clements, Crypt. Form. Colo., no. 170. 1905. 

Lenzites Abietis Lloyd, My col. Notes, 6:909, f. 1607. 1920. 

Hirsckioporus abietinus (Dicks.) Donk, Mededeelingen uit bet Botaniscb Museum 
en Herbarium der Rijksuniversiteit te Utrecht, 9:168. 1933. 

Important specimen: 

Physisporus caesioalbus Karst, on Abies. Herb, of Bresadola, Stockholm. 
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Forms 

f. fuscoviolaceus (Irpex fuscoviolaceus [Ehrenb. ex Fr.] Fr.). This 
form is generally regarded as irpicioid, but is sometimes described 
as including even lamellate types. It is here restricted to ir- 
picioid plants. The form is otherwise similar to the species and 
has been shown in cultures (18) to be conspecific with porose forms. 

f. Abietis (Lloyd) Overh. This form has a lamellate hymenium and 
does not include irpicioid plants. American lamellate plants 
have been shown to be conspecific with porose collections by 
Robak (18). 

f. Thelephoroides forma nov. (Pl. VI. This form is described on 
p. 203.) 

Fructification thin, coriaceous, sessile, effused-reflexed or resupinate, 
but usually reflexed at margins at least; surface zonate, tomentose- 
strigose, white or gray, “vinaceous buff,” or “avellaneous”; 
margin thin, undulating; context pallid, less than 1 mm. in 
width; tubes less than 1 mm. long; mouths at first “livid purple,” 
becoming “vinaceous fawn” to “vinaceous buff” or “avella- 
neous,” 2-3 to a mm., subround or angular, becoming sinuous, 
irpicioid, or even lamellate; basidia 4-7 p broad; spores smooth, 
hyaline, subcylindric to allantoid, 6-9 X 2-3 p; hyphae 2-4 p 
in diameter; cystidia numerous or rare, 4-9 p in diameter, 
sometimes projecting up to 20 p or more, hyaline, smooth or 
incrusted at the apex. 

Allied species.—Polyporus abietinus is represented by porose and 
lamellate forms. Some of these have been described as species 
(see Pl. V), Those that have teeth or lamellae, for example, 
are often known under the name Irpex fuscoviolaceus (Ehrenb. 
ex Fr.)’Fr. In America the lamellate form has been designated 
as Pol. abietinus Abietis (Lloyd) Overh., also. Irpicioid or lamel¬ 
late forms (Irpex fuscoviolaceus ) are regarded by Robak (18) 
as “subspecies.” His work with both American and Norwegian 
porose, irpicioid, and lamellate forms in culture indicates that 
they are, at any rate, conspecific. 

Polyporus pargamenus Fr. is one of the most common of the 
American species allied to Pol . abietinus . Microscopic features 
are, for the most part, similar in the two plants, and the spores 
fail to furnish any means of distinguishing the two polypores. 
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It is pointed out by Rhoads (16) that in the usual hydnoid form 
Pol. pargamenus cystidia are of infrequent occurrence, whereas 
Pol. abietinus is characterized by abundant, prominent capitate 
cystidia. But porose forms of Pol. pargamenus have the same 
type of cystidia as Pol. abietinus , so that this character cannot 
be used to separate the two species. It is generally possible, 
however, to distinguish between the two plants by the difference 
. in size. The fruiting body of Pol. abietinus seldom exceeds 3 cm. 
in length, whereas Pol. pargamenus is larger, reaching 7 cm. 
Pol . pargamenus , furthermore, is usually fan-shaped and is at¬ 
tached to the substratum by a narrow stalklike attenuation. 
The fruiting bodies of Pol. abietinus may occasionally be fan¬ 
shaped, by the place of attachment is broader (19) and never 
stalklike. Distinctions may usually, but not always, be based 
on the fact that Pol. abietinus is generally found on coniferous 
wood, whereas Pol. pargamenus ordinarily grows on wood of 
dicotyledonous tree species. In the region of the Great Lakes 
aspen is the most common substratum of Pol. pargamenus. In 
the spruce and pine forests of Sweden where aspen is present 
Pol. abietinus occurs abundantly, but I have never found either 
it or Pol. pargamenus on aspen there. 

The hymenium of Polyporus subchartaceus may be purplish, and 
since the spores and cystidia are the same as in Pol. abietinus 
and the fungus is usually found on aspen and cottonwood, Pol. 
subchartaceus should be mentioned in a discussion of either Pol. 
abietinus or Pol. pargamenus. The thickness of the pileus, 
which is greater than 4 mm., may be used to separate Pol. sub¬ 
chartaceus from Pol. abietinus . The pileus is less than 4 mm. 
thick in Pol. abietinus, as well as in Pol. pargamenus. 

Names such as Lenzites abietina and L. striata appearing in 
the literature may lead to some confusion, especially since the 
genus Lenzites includes lamellate plants. These are, however, 
related to the brown Lenzites saepiaria. 

Habitat. — Abies amabilis , A. arizonica, A. balsamea , A. concolor , 
A. grandis, A. lasiocarpa , A. magnifica, Chamaecyparis thyoides, 
Cupressus macrocarpa, Larix laricina , L. Lyallii, L. occidentals , 
Libocedrus decurrens, Picea Engelmannii , P. glauca , P. mariana , 
P. sitchensis, P. rubra , Pinus attenuata , P. Banksiana , P. con- 
torta 9 P. Coulteri, P. echinata, P. edulis , P. fiexilis, P. glabra , 
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P. lariceo-austriaca, P. monticola , P. palusiris, P. ponderosa , P. 
radiaidj P. resinosa, P. rigida, P. Sabiniana, P. silvestris, P. 
Strobus, P. virginiana, PopuVus trichocarpa , Prunus emarginata, 1 
Pseudotsuga macrocarpa , P. taxifolia, Sequoia sempervirens, Sor- 
bus americana, Thuja occidentals, T. piicata , Tsuga canadensis , 
T. heterophylla f T. Mertensiana. 

Distribution. — Alberta, British Columbia, Labrador, Manitoba, New 
Brunswick, Newfoundland, Northwest Territories, Nova Scotia, 
Ontario, Prince Edward Island, Quebec, Saskatchewan, Yukon 
Territory; Alaska, Alabama, Arizona, Arkansas, California, 
Colorado, Connecticut, Delaware, Florida, Georgia, Idaho, Indi¬ 
ana, Iowa, Kentucky, Louisiana, Maine, Maryland, Massachu¬ 
setts, Michigan, Minnesota, Mississippi, Missouri, Montana, 
Nebraska, Nevada, New Jersey, New Hampshire, New Mexico, 
New York, North Carolina, Ohio, Oregon, Pennsylvania, South 
Carolina, South Dakota, Tennessee, Texas, Utah, Vermont, 
Virginia, Washington, West Virginia, Wisconsin, Wyoming. 

Occurrence. — Polyporus abieiimis is one of the most widely distrib¬ 
uted polypores on conifers throughout the continent. Many new 
geographic records of the occurrence of this fungus are reported 
here, especially for the territories and provinces of Canada. 
Authentic accounts of its presence in Illinois, North Dakota, and 
Oklahoma are lacking. A few records of this conifer-inhabiting 
fungus on dicotyledonous woods exist. A collection is re¬ 
ported (22), for example, on Poptdus trichocarpa. The fungus 
is one of the first of the polypores to attack fire-killed, dead, or 
fallen conifers and is especially common on pulpwood and lumber, 
causing decay during storage. 

Fruiting bodies may appear as early as two months after a tree 
has been felled. In regard to white-pine slash in New England, 
Spaulding (21) reports that rot of sapwood by this fungus becomes 
apparent in the larger pieces of slash, which have thick layers of 
sapwood, during the second year. Sap rot caused by this species 
is well advanced in New England whdte-pine slash by the fifth 
year. Polyporus abieiinus is next in frequency of occurrence to 
Lenzites saepiaria (21), which probably rots more New England 
white-pine slash than any other fungus. 

1 Record furnished by Dr. Ruth Macrae, of the Central Experiment Farm, 

Ottawa, Canada, who confirmed the identity by pairing cultures. 
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Polyporus abietinus attacks only partly shaded slash, and 
fruits commonly on the lower sides of the rotted limbs. It re¬ 
quires more moisture in the wood than Lenzites saepiaria . In 
other sections of the continent, especially where rainfall is abun¬ 
dant, as in the coastal forests of southeastern Alaska, decay 
caused by Pol. abietinus may be limited by too much moisture 
in the shade, and in such regions the fungus is often found on 
exposed slash off the ground or on standing snags and dead trees. 
Sap rot of Pinus ponderosa in Klamath County, Oregon, appeared 
principally in the second season after cutting, as did decay in 
slash of Pinus Strobus (Boyce, 4). 

In fire-killed West Coast Douglas fir, this fungus is said by 
Kimmey and Fumiss (14) to be the most important species 
producing decay only in the sapwood, for it causes more than 
fifty per cent of the decay in that type of wood. Fomes pinicola 
is regarded as the most significant fungus producing decay in both 
sapwood and heartwood. Nevertheless, it is emphasized that 
Polyporus abietinus probably causes the most loss to owners of 
old-growth fire-killed Douglas fir, for it is the source of the prin¬ 
cipal decay in trees of this type for the first five to ten years, 
and much timber of this kind is salvaged during that time. 

Boyce (5) likewise reports, in his studies of the deterioration 
of wind-thrown timber on the Olympic Peninsula, Washington, 
that Polyporus abietinus attacked the greatest number of trees, 
but he emphasizes that the greatest total loss through decay was 
caused by Fomes pinicola and the next greatest by F. applanatus. 
This is explained by the fact that the wood attacked by Pol . 
abietinus is usually confined to the outer one-half inch of sapwood. 
Boyce points out that the record of fruiting bodies gives an idea 
of the relative abundance of a fungus, but the true measure of 
its importance is the amount of decay it causes. (It should be 
added that the importance of a fungus is proportionate to the 
amount of decay in reference to the specific type of product to 
be manufactured from the timber.) Deterioration in Douglas 
fir is reported as only 1.3 per cent (board measure) of the total 
decay; in Sitka spruce, 4.8 per cent; in silver fir, 3.0 per cent; 
and in western hemlock, 1.4 per cent. 

Cultures . — Isolated on Picea glauca, from Healy, Alaska. The 
“light-buff” mycelium forms a thin mat that scarcely envelops 
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either white-pine or red-gum blocks in one-year-old cultures. 
The pink so evident in the hymenium of growing specimens in 
nature was not apparent in this isolate. No pores formed on 
any of the wood-block cultures. In Norwegian cultures Robak 
(18) reports that he, too, has failed to observe hymenial formation 
of Polyporus abietinus. Cartwright and Findlay (8) mention one 
culture that formed pores on malt agar, and Raestad (15) ob¬ 
served porose or irpicioid hymenia on the same medium, but 
reported them much more frequently in cultures of the form 
fuscoviolaceus. The hymenia observed by these investigators had 
the purple color characteristic of that developed by plants in 
nature. 

Cultures of the Alaskan isolate most nearly correspond to those 
of Poria aneirina isolated from Populus balsamifera, Moose Pass, 
Alaska. Both fungi exhibit thin, “light-buff” mycelial mats 
that scarcely cover either red-gum or white-pine wood blocks in 
one-year-old cultures. The radiating growth habit of the my¬ 
celium in Polyporus abietinus as it spreads over the blocks is 
distinctive. 

The optimum temperature for growth of both American and 
European isolates is about 27° C. Humphrey and Siggers (13) 
report that a Wisconsin isolate (optimum temperature 28° C.) 
falls in their intermediate-temperature group, i.e. that with an 
optimum between 24° and 32° C. The inhibiting point is given 
as 38° C. Robak (18) places Polyporus abietinus in the group of 
fungi having a moderate to slow growth at room temperature, 
a grouping that would include the Michigan (Alaskan) isolate. 
Growth in Norwegian cultures is reported to accelerate with 
temperature increases to about 25°-26° C. Temperature responses 
have been used to separate Pol. abietinus from the allied Pol. 
pargamenus. Snell and others (20) find that the results in an 
effort to distinguish these two species by such features were not 
so striking as those obtained for Trameies odorata and Lmzites 
saepiaria, but they were sufficiently varied to provide a tempera¬ 
ture differential. 

The Alaskan isolate grows equally well in the light and the 
dark. Its mycelium has no distinctive odor in cultures on malt- 
extract medium. In fresh cultures the hyphae branch character¬ 
istically at very acute angles, thus producing their regular, 
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radiating arrangement. In older cultures this feature is oblit¬ 
erated, as reported for European cultures (18). Aerial hyphae 
are 3-5 ja, mostly 3 jjl, in width. Conspicuous clamp connections 
appear commonly on submerged and other hyphae. Swellings 
resembling chlamydospores are present. 

Robak (.18) studied the growth rate of Polyporus abietinus 
in various media containing different forms of nitrogen, as well 
as carbohydrates. He obtained the slowest growth on NH 4 N0 2 
and (NH 4 ) 2 S0 4 ; the most rapid growth was obtained with 
urea as the source of nitrogen, the next most rapid with NaN0 3 , 
glycocoll, and the next with asparagine. Growth on peptone 
media was almost uniformly slower than on the last three chemi¬ 
cals mentioned. 

Variable results were obtained by Robak on different sugars, 
but strikingly slow or scanty growth was observed on xylose, 
galactose, and lactose. 

Polyporus abietinus gives a strong positive reaction to tannic- 
acid medium. It discolors aniline blue added to the agar (18). 
Like the Alaskan isolate grown on red-gum and white-pine wood, 
cultures on blocks of Scotch pine and Norway spruce spread 
slowly over the wood (18). Robak (18) reports the advance of 
a conspicuous red-brown stain paralleling the progress of the 
mycelium. This discoloration may be noticed to some extent 
in white-pine blocks, also. It resembles to a certain degree the 
secondary stain observed in blocks infected with Stereum san- 
guinolentumj but it is not so reddish and, when the material is 
dry, it is slightly more yellow-brown. The occurrence is not pre¬ 
ceded by any other color. In the stage at which the white areas 
occur, the brown color has disappeared. 

Using five different isolates of Polyporus abietinus in Norway- 
spruce sawdust cultures sterilized at 50° C. for six months, 
Robak found them to have caused losses of from 2.25 per cent 
to 5.25 per cent, dry weight. The average loss per strain varied 
between 2.6 and 4.72 per cent. In block cultures the losses 
were small, but it was shown that this species was able to 
bring about late stages of decay, at least locally, within six 
months. 

This fungus produces more kinds of enzymes than have been 
reported for other wood-destroying fungi with the exception of 
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Lenzites saepiaria. Fifteen of the more common hydrolytic en¬ 
zymes are produced (10): emulsin, cellulose, ligninase, amylase, 
sucrase, maltase, inulase, pectinase, tanninase, pepsin, trypsin, 
erepsin, urease, asparaginase, and lipase. Four of the more 
common oxidizing enzymes occur, namely, oxygenase, per¬ 
oxidase, laccase, and catalase. Polyporus abietinus (along with 
L. saepiaria) secretes several enzymes not formed by species of 
such heartwood-destroying fungi as Pol. sulphureus and Echi - 
nodontium iinctorium, or by the highly specialized cambium 
attacking Armillaria mellea. 

Sexuality. — Monosporous mycelia of different forms of Polyporus 
abietinus have been paired. Norwegian porose and irpicioid 
forms have been found (18) to be intersterile. Furthermore, 
monosporous mycelia from a porose Canadian sporophore re¬ 
acted with Norwegian “Irpex” mycelia by forming clamp con¬ 
nections with them. On the basis of such criteria, the forms in 
question may be considered conspecific (18). 

The common American porose form of Polyporus abietinus 
exhibits tetrapolar segregation, whereas the American irpicioid 
(or lamellate) form has bipolar segregation, according to Robak 
(18), reporting Macrae’s Canadian work. Robak states further, 
“in spite of this, the last named form has copulated with Nor¬ 
wegian monospore mycelia.” The common porose form of Pol. 
abietinus in Norway also exhibits tetrapolar segregation of sexes, 
according to Robak (18), and Raestad (15) has shown that the 
form fuscoviolaceus is similar in this respect. 

Decay. — Polyporus abietinus causes one of the most common sap 
rots of dead coniferous wood. It appears within two or three 
years after the death of the tree and produces a “pitted” white 
rot. The first evidence of decay is a faint yellowish or tan dis¬ 
coloration accompanied by a softening of the wood. Later, 
small white areas or “pockets” appear; these may or may not 
be filled with whitish fibers. Narrow strips of apparently sound 
wood remain between the pockets. Often when the cavities are 
confined to one plane a ring-scale condition appears. The rotted 
wood in the final stage of decay is spongy. No zone lines are 
caused by the fungus in the wood. 

Polyporus abietinus utilizes either cellulose or isolated lignin as a 
source of nutrition, but cellulose is a better source than lignin. 
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Nitrogenous materials are of more importance in the growth 
of the fungus on lignin than on cellulose (11). 

Analyses by Garren (12) of results of decay in loblolly-pine sap- 
wood indicate that both moisture content and specific gravity 
of the wood are significant in determining the rate of decay by 
Polyporus abietinus. Although the fact that moisture is con¬ 
ducive to decay is generally accepted, there has been some question 
regarding specific gravity as an index of durability. It seems 
that the higher the specific gravity of a piece of loblolly-pine 
sapwood, the more resistant it will be to decay by Pol abietinus. 

Reaction to chemicals. — The resistance of Polyporus abietinus to so¬ 
dium fluoride has been tested by Richards (17). It was found 
that this species was next to the least resistant of a group of 
several wood-rotting fungi of which Poria incrassata is the least 
resistant and Lenzites trabea the most resistant. The fungi in 
this group, arranged in order of increasing resistance, are: Poria 
incrassata , Polyporus abietinus , Pol versicolor , Fomes roseus, F. pi !- 
nicola , F. subroseusj L. saepiaria, Polystictus hirsutus, F. Pini 
Abietis , F. annosus (culture now identified as Irpex tulipifera) } 
and L. trabea. 

Polyporus abietinus forma fuscoviolaceus comb. nov. 

Irpex (Sistotrema) violaceus Pers., Syn., p. 551. 1801. 

Irpex fuscoviolaceus Fr. in El., Hym. Eur., p. 620. 1874. 

Important specimen studied: 

Irpex fuscoviolaceus (Shrad.) Fr., Bresadola Herbarium, Rijksmus6et, Stockholm. 

Fructification resupinate, but usually with a slightly reflexed fimbri¬ 
ate margin, or, if not resupinate, having fruiting bodies, small, 
imbricate, slightly pubescent, white or gray; hymenium purple 
or violet, mostly in the form of gills, about 1-2 to a mm.; basidia 
16-24X4-6.5 p; spores hyaline, cylindrical or allantoid, 6.5-8 
X2.5-3.5 p; cystidia mostly 18-25x5-7 p; hyphae 3-7 p in 
diameter (Bourdot and Galzin, in part). 

Habitat — Coniferous wood. 



Resupinate Polypores 


203 


Polyporus abietinus forma thelephoroides forma nov. 

(Plate VI) 

Type: 

Polyporus abietinus var. thelephoroides on coniferous wood. Lake Quinault, 
Washington. Collected by C. H. Kauffman in 1925, Herb. Dow V. Baxter, 
Ann Arbor. 

Fructificatio (marginibus inclusis) resupinata, annua, areas cir- 
culares confluentes effusasque ca. 15 cm. diam. formans, colore 
atrogriseas vel atrocaeruleas; margine tenui, sixnili Thelephorae, 
pallide brunneigriseo, ca. 1 mm. lato, aetate fertili; subiculo 
minus quam 1 mm. lato sed distincto, pallide griseicinnamomeo; 
poris 0.5-2 mm. longis, plerumque 1.5 mm. longis, orificiis angulari- 
bus demum laceratis, i mm. diam., rosacei- vel caeruleigriseis 
(in vivo), colore in statu exsiccato vel similibus vel atre grisei- 
brunneis vel obscure nigriviolaceis vel atrogriseis, basidiis 4- 
sporis; sporis allantoideis, 5-6 jjl longis, 2/x crassis; infibulationibus 
haud raris. Habitat in ligno coniferarum, prope Lacum Qui¬ 
nault, Washington. 

Fructification entirely resupinate, even margins largely appressed, 
annual, in orbicular patches that become confluent and effused 
for 15 cm. or more, slate-gray or bluish when fresh; margin 
thin, resembling that of the genus Thelephora, “drab gray” or 
“pale brownish drab,” mostly about 1 mm. wide, becoming fertile 
in age; subiculum less than 0.3 mm. wide, but distinct, “light 
cinnamon-drab”; tubes 0.5-2 mm., mostly 1.5 mm., long; 
mouths when fresh pinkish or bluish gray, i.e. “pale brownish 
drab” to “brownish drab” and retaining the colors in herbarium 
material or becoming “dark grayish brown” to “dull violet- 
black” or “deep neutral gray,” angular, becoming somewhat 
fringed, 1-3, mostly 2, to a mm.; basidia 4-spored, spores allan¬ 
toid, 5-6 X 2 jjl; cystidia capitate incrusted or not incrusted, 
projecting up to 10 /z; hyphae hyaline, occasionally branched 
and septate, 2-4, mostly 3-4, jjl in diameter; clamp connections 
present. 

Allied species .—This plant, unlike a great many collections of 
resupinate specimens of Polyporus abietinus, has a margin ap¬ 
pressed to such an extent that it is readily mistaken for a species 
of the genus Poria. Because of the pinkish-violet color of the 
margin, Kauffman, according to his field notes, was reminded of 
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Poria semitincta. The general color of the plant is a dark blue, 
however, and not whitish as in that species. I can see no resem¬ 
blance to P. semitincta , but can readily understand why Kauffman 
thought of the genus Poria, especially since the margins are ad- 
nate. Microscopic examination shows that this variety resembles 
representatives of the Thelephoraceae in the habit of growth and 
the color. The pores, however, are distinct. The variety is 
corky enough not to be readily confused with P. purpurea and 
species allied to it. 

Habitat — On coniferous wood. 

Distribution . — Washington. 

Poria bombycina (Fr.) Cooke, Hym. Eur., p. 575. 1874 

(Plate VII, Figures 1-2) 

Polyporus Mans Karst., Fungi Fenniae Exic. 619, ex Bourdot and Galzin, Hym<§- 
nomycetes de France, 1927. 

Important specimen studied: 

Polyporus Mans Karst, ex Herb. Karsten on pine, Mustiala. Herb. Bresadola, 
Stockholm. 

Fructification annual, appearing in small patches up to about 4 or 
5 cm. in width, soft, whitish at first but becoming tawny, mostly 
mycelioid; margin byssoid; pores forming at first as depressions 
in the mycelium, thin, developing into tubes up to 1 mm. long; 
mouths mostly 1-2 to a mm., angular; basidia 24-30 X 7-8 jx 
(Bourdot and Galzin); spores ellipsoid, 6-7.5 X 4.5-5 jjc; hyphae 
mostly 2-4 ju in diameter, clamp connections present; no cystidia. 

Allied species. — This plant looks much like a weathered specimen 
of Poria sinuosa , but it is a softer species. European specimens 
do not resemble the rhizomorphic P. Vaillantii y as is suggested 
in American literature of plants of this continent. 

Habitat — Abies grandis, Larix occidentals , Picea glaucaj Pinus 
contorta 3 Pseudotsuga taxifolia. 

Distribution. —Newfoundland, Ontario, Yukon Territory; Alaska, 
Idaho, Montana, New Hampshire, New York, Washington, 
West Virginia. 

Remarks. — The English concept of this species, as reported by Rea 
in British Basidiomycetae , corresponds to the description presented 
here. 
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Forties connatus (Weinm.) Gill., Champ. Fr., 1: 684. 1878 

(Plate VIII) 

Boletus populinus Schum., Ernim. PL SaelL, 2: 384. 1803. 

Poria obducens Pers., Myc. Eur., 2 :104. 1825. 

Polyporus connatus Weinm., FI. Ross., p. 332, 1836, non Polyporus connatus 
Schw., 1832. 

Polyporus connatus Fr., Epicr. Myc., p. 472. 1838. 

Fomes populinus (Schum.) Cooke, Grevillea, 14: 20. 1885. 

Fomes Meliae (Underw.) Murr., Bull Torrey Bot. Club, 30: 232. 1903. 

Fomes oxyporus Sauter ex Lloyd in Synopsis of the Genus Fomes (Cincinnati), 
283. 1915. 

Fructification perennial, sessile, convex, 2-10 X 3-15 X 0.5-4 cm., 
imbricated or rarely resupinate, surface white or “cinnamon-buff” 
to “light grayish olive” in herbarium specimens, never rimose with 
age; usually becoming covered with moss and algae; context 
white, or whitish, drying to “cinnamon-buff,” soft, corky, 0.3-4 
cm., mostly less than 2 cm., thick; tubes distinctly stratified, 
2-5 mm., mostly about 3 mm., long each season; mouths white 
to yellowish, glistening when fresh, drying to “clay-color,” 
“pinkish buff,” or even “sayal-brown”; spores hyaline, smooth, 
ellipsoid to globose, 4-5 X 3.5-4 fi ; cystidia none or rare, capitate 
or club-shaped, 3 p in diameter (Lowe); hyphae seldom branched, 
2-4 fi in diameter. 

Allied species. — The resupinate forms of this fungus usually occur 
in the frost cracks and wood cavities of the maple. It is easy 
to find states intermediate between the resupinate and the typi¬ 
cal fructification. The resupinate form has been termed Poria 
obducens Pers. There are no closely allied species. Because the 
fruiting body is not woody, Fomes connatus might suggest, super¬ 
ficially, a species of Polyporus, but if can be readily separated 
upon examination, since the tubes are distinctly stratified. 

Habitat . — Acer dasycarpum lutescens, A. macrophyllum, A. Negundo, 
A. rubrum , A. saccharinum, A. saccharum, Aesculus Hippocas 
tanum , A. octandra, Betula lutea , Carpinus caroliniana , Cary a 
glabra , Comus florida, Fagus grandifolia , Fraxinus americana , 
Gleditsia triacanthos , Halesia Carolina , Hicoria sp., Liquidambar 
Styraciflua , Nyssa sylmtica , Ostrya mrginiana, Quercus alba, 
Q. Prinus , Sambucm $p. f Ulmus americana, U.fulva. 

Distribution .—British Columbia, Manitoba, New Brunswick, 
Nova Scotia, Ontario, Prince Edward Island, Quebec; Alabama, 
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Arkansas, Delaware, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri, 
New Hampshire, New Jersey, New York, North Carolina, North 
Dakota, Ohio, Pennsylvania, Rhode Island, South Dakota, Ten¬ 
nessee, Vermont, Virginia, West Virginia, Wisconsin. 

Occurrence . — This fungus attacks a number of hardwoods, but it 
is of economic importance only on sugar maple. Red maple is 
attacked fully as much as sugar maple. In general, Fomes 
connatus appears to increase in abundance as the host tree ap¬ 
proaches the northern limits of its distribution. In Minnesota, 
for instance, the woodlands in which maple is an important 
component of the forest are considerably poorer because of 
F. connatus (and, often, other fungi) than are many maple forests 
of Michigan. This is also true of sections of Ontario, where the 
maple may be exceedingly defective. The fungus is rare, however, 
or is not present at all in scattered maple trees at the very limits 
of distribution and under peculiar local conditions. It appears 
abundantly in Nova Scotia, but in Newfoundland the relatively 
few maples, perhaps because of their scarcity, are free from the 
fungus. As a matter of fact, in spite of persistent search, no 
specimens of F, connatus have been collected in Newfoundland. 

Cultures . — Isolated from Acer saccharum } Michigan (tissue culture). 
It*has been my experience, and also that of Campbell (6), that 
isolations from tissues are extremely difficult to obtain because 
the soft, watery sporophores are contaminated, even when young, 
by other fungi and bacteria. Campbell reports that the fungus 
finds conditions on agar media unfavorable and so makes slow 
growth there. On sterilized hard-maple blocks it grows vigor¬ 
ously, covering the blocks with a dense, thick mat. 

The optimum temperature for growth (for an isolate from 
Acer Negundo) is given as about 25° C. The inhibiting tem¬ 
perature for growth is 35° C. (6). This places the fungus in the 
intermediate-temperature group of Humphrey and Siggers (13), 
i.e. with optimum growth between 24° C. and 32° C. The fungus 
is actually on the lower temperature border, however, and it may 
at times fall into the low-temperature group, i.e. that with 
optimum growth at 24° or below, since one degree is well within 
the limits of experimental error. 

Porose areas were evident in cultures six weeks old. The fruit- 
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ing structure produced the capitate incrusted cystidia and globose 
spores characteristic of Fomes connatus. 

The fungus exhibits a positive but not a strong reaction to 
tannic-acid medium, though occasionally the reaction is negative, 
according to Davidson, Campbell, and Blaisdell (9). 

Decay. — Fomes connatus first causes the light-colored wood of 
maple to darken. The more advanced rot has a stringy appear¬ 
ance and is irregular in outline. This is one of the few heart- 
rotting fungi that decay the wood so completely that a hollow 
butt results. 

The rot rarely spreads more than a few feet in either direction 
from the fruiting body, so that, as a rule, a cull extending three 
feet above the highest sporophore is sufficient. Sporophores 
usually form shortly after a small amount of decay has taken 
place, so that rotted trees can soon be detected. These should 
be discriminated against in stand-improvement work (2). 


Poria pereffusa (Murr.) Sacc. and Trott., Syll. Fung, 

21:335. 1912 

(Plate IX, Fig. 1) 

Fomitiporia pereffusa Murr., North Am. FL, 9:10. 1907. 

Type: 

Fomitiporia pereffusa Murr. on oak log, Ohio Pyle, Pa. W. A. Murrill, Herb. 
New York Botanical Garden, New York. 

Fructification perennial, for several years broadly effused, up to 
15 mm., commonly 8-10 mm., thick, inseparable; sterile margin 
0.5-1 mm. wide, slightly indexed, “drab,” becoming blackish 
in age and finally disappearing, subiculum brown, often super¬ 
imposed over a narrow black line, less than 0.3 mm. thick, and 
often scarcely distinguishable in old plants; tubes mostly dis¬ 
tinctly, sometimes indistinctly, stratified, inconspicuously whitish- 
stuffed, “snuff-brown,” 2-3 mm. long; mouths glistening, cir¬ 
cular to subcircular, 6-8 to a mm. “Saecardo’s umber,” “raw 
umber,” or “olive-brown,” in old specimens becoming “mouse- 
gray” in the marginal portions of the fructifications; dissepiments 
entire; basidia 5-6 p in diameter, spores smooth, faintly brown, 
ellipsoid to globose, 4-4.5 X 3-4 p; setae small, their points only 
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extending beyond the basidia, 14-24 X 3-6 ju, hyphae of the 
subiculum 2-4 jjl in diameter. 

Allied species . — Poria pereffusa may be confused with Pomes ignia - 
rius var. laevigatus (P. laevigata (Fr.) Cooke). The plants are 
to be separated largely upon a combination of characters that are, 
' unfortunately, mostly relative. The spores of P. pereffusa are 
.small, 3.5-4.S X 2.5-3.5 p (Overh.). 2 The spores of Fomes 
igniarius laevigatus are hyaline. It is evident that faint spore 
colors may readily be mistaken for hyaline, but the spores of 
the two plants also differ in size. The smallness of the spores of 
Poria pereffusa is distinctive, and if the spores are pale rusty, 
one can be certain of the identification. Furthermore, the setae 
are rather numerous in specimens of F. igniarius laevigata , 
whereas in P. pereffusa they are not abundant. The tubes of 
P. igniarius laevigata are white-incrusted in the old layers, but 
inconspicuously whitish-stuffed in P. pereffusa. F. nigricans 
laevigata occurs chiefly on species of Betula, whereas P. pereffusa 
is most often found on species of Quercus. 

Fomitiporella floridana Murr. suggests Poria pereffusa , but does 
not have any setae (cystidia), according to the description. The 
spore color (following Overholts' redescription of spore color for 
P. pereffusa and not the original account) is apparently similar. 
Habitat . — Quercus sp. 

Distribution . — Ohio, Pennsylvania; said by Murrill to range from 
Ontario to Alabama and west to Minnesota. 

Fomitiporella melleopora Murr., North Am. FI., 

Pt. I, p. 13. 1907 

(Plate IX, Fig, 2, and Plate X) 

Type and important specimens examined: 

Fomitiporella melleopora on Salix sp., Feb. 11, 1886. A. B. Langlois 213. Type. 

Herb. New York Botanical Garden, New York. 

Fomitiporella melleopora on Populus tremuloides , Jane, 1926, Devil's Lake, Wis¬ 
consin. Herb. Dow V. Baxter, Ann Arbor. 

Fomitiporella melleopora on Populus balsamifera t Atlanta, Michigan, Herb, 
Dow Y. Baxter, Ann Arbor. 

2 Originally the spores were described as hyaline, but Overholts discovered 
that they were “pale rusty”: “The type collection is mostly sterile but on one 
occasion when I examined it I found the spores as indicated.” 
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Fomitiporella melleopora on Populus tremuloides, July 23, 1946, Au Sable River, 
Huron National Forest, Michigan. Coll. Gene Hesterberg and Dow V. 
Baxter. Herb. Dow V. Baxter, Ann Arbor. 

Fructification perennial, appearing at first in several small, bright, 
glistening brown patches about 3 mm. in diameter, becoming 
confluent and finally effused for as much as 1 meter, but usually 
much less, up to 12 mm. thick, mostly about 5 mm. thick, check¬ 
ing upon drying; margin undulate, slightly elevated, finely 
tomentose, 0.3 mm. wide, at first bright “raw sienna” becoming 
“wood-brown” or “Natal brown” in old specimens; subiculum 
up to 1 mm. thick, “yellow ocher” to “buckthorn-brown”; 
tubes becoming rather distinctly stratified, 1-7 mm. long each 
season, fulvous within; mouths circular, nearly regular, 5-6 to 
a mm., flavous to melleous when young, “yellow ocher” becoming 
umbrous with age, “bister,” edges thick, entire; spores globose, 
thin-walled, smooth, pale ferruginous, but more hyaline than 
brown, 3-4 X 3-4 jjl; hyphae ferruginous; no setae. 

Allied species . — Fomitiporella melleopora is readily confused in the 
young state with Poria pereffusa (Murr.) Sacc. and Trott, not 
only because of the glistening, similar colors, but also because 
of the refracting nature of the mouths of the two plants. These 
two resupinate polypores are often misinterpreted. In addition, 
old plants of F. melleopora are so different in color and brightness 
(though they still glisten) from the young plants that it is possible 
to find immature specimens of F . melleopora under one name in 
herbaria and older plants under another. Furthermore, her¬ 
barium collections rarely represent all the stages, from young 
plants to stratified ones. 

Although Poria pereffusa and Fomitiporella melleopora are 
macroscopically similar in color and although both glisten in 
the light when young, older specimens of P. pereffusa seem 
somewhat more woody than mature collections of P. melleopora, 
the latter suggesting a more fragile or brittle pore surface, even 
though it is definitely firm. The mouths of the tubes are slightly 
larger in stratified specimens of P. melleopora (mostly 5-6 to a 
mm.) than they are in P. pereffusa (mostly 6-8 to a mm.). The 
difference is plainly characteristic, but (as is true of many resu¬ 
pinate polypores) is not great enough to be of diagnostic value. 
There are no setae in P. melleopora, but setae occur in P. pereffusa, 
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though they are never abundant, often appearing in twos. The 
spores of both species are ellipsoid or subglobose and pale fer¬ 
ruginous, that is, more hyaline than brown. Murrill originally 
described P. pereffusa as having hyaline spores, in contrast to 
the pale ferruginous spores of F. melleopora . I could not find 
spores in the type, but Overholts reports that it is mostly sterile. 
On one occasion he found pale rusty spores, but on another was 
unable to find any spores. The small spores of P. pereffusa (the 
spores are only slightly larger in F. melleopora) and the setae are 
distinctive characters. P. pereffusa is most common on oak, 
whereas F . melleopora grows chiefly on species of the genera Salix 
and Populus. 

Habitat — Populus balsamifera, P. tremuloides , Salix sp. (?) 

Distribution . — Louisiana, Michigan, Wisconsin. 

Occurrence. — This plant is thought to be a common one, even 
though the records do not indicate the fact. It is believed that 
the inadequate records of its distribution are largely due to the 
plant’s being so readily confused with others of the brown porias, 
ordinarily classified under this genus and under the genus Fomiti- 
poria. 
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PLATE I 



Poria herUcola sp. nov., on lawn, Ann Arbor, Michigan 





PLATE II 



Poria Diospyn sp. nov„ on Diospyrus virginiana, Sand Springs, Oklahoma 



Fomes robustus Taxodii var. nov., on Taxodium distichum. Oltefenokee Swamp, Georgia 





Resupinate Polystictus abietinus on white-spruce planking on flume at sawmill near Summerside, Province of 

Prince Edward Island, Canada 
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PLATE V 




Polyporus hyperboreus Berk., Cooke, Grevillea, 15:27. 1886. Royal Gardens, 
Kew, England. This is evidently a resupinate specimen of a Polyporus 
(Coriolus) species as indicated by Cooke, probably Polystictus (. Polyporus ) 
pargamenus , as noted on the herbarium sheet 



PLATE VI 



Polyporus abietinus thelephorokies var. nov. Lake Quinault, Washingtoi 




Resupinato fruiting bodien of Fames mnnatus on trunk of Acer saccharum in 
cankered area, Arnawa, Michigan 
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Ki<a. 2, Fomitlporvllu niellcnporu. Typo, (-ol- 
lootod noar Now (>rloans, Louisiana, <m 
willow log, Fc»b. 11, 1SK(>, A. B, Lnnglois 
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Fomitiporella mrtlmpom on l , opu(uH trvmuloi(kn } Au Sable River, Michigan National Forest, 
Michigan. Note tho contrast between the old mature form and the patchy growth of 
young plants. The young plants a,re “raw sienna" and become “wood brown" or 
“Natal brown" in old-growth stages and much less glistening 
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STUDIES IN THE GENUS PORIA 
III. WHITE AND BRIGHTLY COLORED SPECIES * 
JOSIAH L. LOWE 

T HIS paper is a continuation of the writer's studies of type specimens 
or other authentic or interesting material of Poria. For tins series 
type collections of sixteen species were studied, of which thirteen are 
reduced to certain or probable synonymy, and two are recognized as dis¬ 
tinct; for one of these further distribution records are presented. The 
writer is indebted to the directors of the following herbaria for the privi¬ 
lege of studying specimens under their care: Kew Herbarium, Surrey, 
England; the New York Botanical Garden, New York City, New York; 
the Farlow Reference Library and Cryptogamic Herbarium, Cambridge, 
Massachusetts; and the Mycological Collections, Bureau of Plant Indus¬ 
try, Beltsville, Maryland. 

Poria alabamae (Berk, and Cooke) Cooke.—This species has been 
compared with Poria unita (Pers.) Karst, and its allies by a number of 
writers, and was placed in synonymy with P. unita by Overholts (4). 
The external appearance and all internal characters agree closely except 
that the spores of P. alabamae are hyaline, smooth, oblong with rounded 
ends, 8-13 X 3.5-4.5 p (or 10-12 X 4-5 p by Bresadola’s measurement, 
as indicated by annotations on the type sheet [at Kew]), whereas those 
of P. unita are oblong-ellipsoid to oval or subglobose, 4-7 X 2.5-5 p. 
The spore shape of P, alabamae is wholly different from that of species 
in the Poria unita complex, and the species is probably not closely re¬ 
lated to any member of that complex. A complete description of P. ala¬ 
bamae is supplied: 

. Annual, probably rather widely effused. Margin nearly white, up to 

* Contribution from the Department of Forest Botany and Pathology, The 
New York State College of Forestry, Syracuse, New York. 

The first of the studies was published in these Papers, 32:99-101. 1948; the sec¬ 
ond, in Lloydta, 10:45-59. 1947. 
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1 mm, wide, soft-fibrous or in part glazed. Fore surface light buff, the 
tubes soft, waxy-corky, up to 1 mm. long, the mouths rounded, averag¬ 
ing 4 per mm., the edge rather narrow, entire. Subiculum light buff, up 
to O.S mm, thick, soft spongy-fibrous. Sections not changing color in 
KQH, the subiculum hyphae closely interwoven, difficultly separable by 
pressure, 2-2.S p in diameter, nonseptate, the walls thick to solid; trama 
continuous.with the subiculum and of similar hyphae. Cystidia none; 
basidia 11 p in diameter; spores (not seen attached to basidia) hyaline, 
smooth, oblong with rounded ends, 8-13 X 3.5-4.5 p (or 10-12 X 4-5 p 
by Bresadola’s measurements). 

Known only from the type collection, Gainesville, Florida, Ravenel 
102. Collections subsequently reported under this name have not been 
examined. 

Poria albo-lutea Bourd. and Galz.—Material agreeing with pub¬ 
lished descriptions was collected in 1945 for the first time in North 
America, at Chapel Hill, North Carolina (Lowe 2867, 2910, 2936), 

Poria aurantiaca var, saloisensis (Karst.) Sacc.—-This variety was 
described from a collection in Finland and later referred to synonymy 
with Poria nitida (Pers.) Cooke by Bresadola (2, p. 77), and to syn¬ 
onymy with P . aurantiaca (Rostk.) Sacc. by Bourdot and Galzin (1) 
and Pil&t ,(6). Authentic specimens of these two species have not been 
available for examination, but it has been established that the variety 
recognized by Karsten is the same as the fungus recently described by 
Overholts and Lowe (5) as Poria rubens . A specimen collected in Fin¬ 
land by Karsten and now in the New York Botanical Garden agrees in 
all respects with type material of P. rubens , as does a specimen in the 
Farlow Herbarium from the Tirol, determined as “P. placenta ” by 
Litschauer. 

Poria placenta (Fries) Cooke and P. aurantiaca var. saloisensis have 
frequently been confused in the past, but can readily be separated. The 
first has spores 4.5-6 X 1.5-2 p, and the subiculum hyphae lack clamp 
connections, although the hyphae are septate. The latter has spores 
3.5-5 X 2-2.5 p, and the hyphae have clamps. The only known North 
American collection of P. placenta is from Isle Royale, Michigan; E. T. 
and S. A. Harper 1016 (FarlowHerbarium; and Mycological Collections, 
Bureau of Plant Industry). 

Poria argiUacea Cooke was based on two collections (now at Kew) 
from California, one of which, on wood of Pinus lambertiana Dough, 
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seems to be the same as P. aurantiaca var. saloisensis. It is sterile, how¬ 
ever, and certain determination cannot be made. The other collection, 
on oak, is also sterile and is in such poor condition that its identity prob¬ 
ably cannot be determined. 

Poria beaumontii Berk, and Curt.—The type material (at Kew) is 
sterile and its identity is uncertain. Otherwise it agrees well with Poria 
tenuis (Schw.) Cooke. 

Poria Cincinnati Berk.—Although sterile, the type material (at Kew) 
agrees perfectly in all other characteristics with Polyporus tulipiferus 
(Schw.) Overh. 

Poria dryina (Berk, and Cooke) Cooke.—The type material (at 
Kew) seems to be the same as Poria cremor (Berk, and Curt.) Cooke 
and P. limit at a (Berk, and Curt.) Cooke, and hence is very doubtfully 
distinct from Poria unita. Final decision on all these species and on 
P. holoxantha Berk, and Cooke should be made by comparing the types 
with adequate material collected in the type localities by a competent 
collector. 

Pork fagicola Bres.—The type collection (Weir 19070) does not 
appear to differ from type material of Poria semtincta (Peck) Cooke or 
Poria fatiscens (Berk, and Rav.) Cooke. The latter is the valid name 
for this fungus. 

Poria juscomarginata Berk.—The type material (at Kew) does not 
appear to differ from Poria subacida , (Peck) Sacc. 

Poria koloseparans Murr.—Although the type material which was 
studied is sterile it does not appear to differ from Poria undata (Pers.) 
Bres. 

Pork holoxantha Berk, and Cooke.—The type material (at Kew) 
is the same as Poria cremor, P. dryina, and P. Urmtata, and thus is doubt- 
, fully distinct from Poria mita, 

Poria incrustans (Berk, and Curt.) Cooke.—The identity of this 
plant is still uncertain, since the type* collection is sterile. Exactly simi¬ 
lar additional material from Virginia (OyerMts Herbarium 4007, coff. 
A. S. Rhoads), and from Vermont (Farlow Herbarium, coH. E, A. Burt) 
'has been examined. The Vermont collection, which Is fertile, £pts spores 
.Iftit.tft hyaline, smooth, chlcw^ell^eoid,,4-5 % 3-3.5 p, /V 
'■ : .'.\Pork millavensis Board, and .<&.rrThe cMertSmWt 
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are not subglobose. Although the colors of the fresh plant are unknown 
and although this specimen shows no rhizomorphs, all other characteris¬ 
tics are those of Porta subradiculosa Murr, 

Porta omacma Berk.—The type collection (at Kew) does not differ 
from Poria subacida (Peck) Sacc. 

Porta rhoadsii Murr.—This does not appear to differ from type 
material of Poria pUebiaejormis Berk, deposited in the Farlow Her¬ 
barium. The latter seems to be a valid species and not a synonym of 
Poria spissa (Schw.) Cooke, as sometimes indicated. 

Poria similis Bres.—This species, described from Idaho, also occurs 
in the eastern United States, and specimens have been examined from 
Pennsylvania (Overholts Herbarium 8652), Ohio (Morgan 133), Michi¬ 
gan (A. H. Smith 1152; C. H. Kauffman, three collections), and Mis¬ 
souri (Demetrius, New York State Museum Herbarium). 

Poria sulphurella (Peck) Sacc.—A recent reexamination of the type 
collection shows that this species does not differ from Poria xantha 
(Fries) Cooke. 

Poria tegittaris Berk.—The type material (at Kew) is sterile and so 
poorly developed that it seems improbable that its identity can be de¬ 
termined. The species should be dropped from further consideration, 

Poria tomentocincta Berk, and Rav.—The type material (at Kew) 
does not appear to differ from Poria pulchella (Schw.) Cooke. 

The New York State College of Forestry 

Syracuse, New York 
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SOME RE5UPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES. XIX* 

DOW V. BAXTER 

R ESUPINATE polypores from the region of the Great Lakes occur 
.generally throughout the North American continent. Pork bor- 
bonica, Pork heteromorpha, and a very few other species have not been 
collected in this area and are not likely to be. 

Since the first paper of this series was published (1927) 1 field work 
has been conducted throughout the continent from the Arctic Ocean and 
Bering Sea areas in Alaska through the Yukon Territory and the North¬ 
west Territories and all the Canadian provinces to the colony of New¬ 
foundland. Numerous records of both distribution and substrata have 
been added since many of the accounts appeared. 2 Likewise, additional 
information has been obtained in the laboratory relative to the features 
of many of these fungi in culture. 

Paper 19 presents the reactions of Pork ferox Long and Baxter 
(Paper 11 of this series), Fomitiporella melleopora (Paper 18 of this 
series), and Forms Earlei in culture. Additional accounts of resupinate 
polypores are given, and two new species are described. 

* Throughout the work on these monographs I have been indebted to many 
individuals and institutions for suggestions, help, and privileges extended to me. 
My appreciation is expressed particularly to the men who have accompanied me 
on my ten expeditions to Alaska, the Yukon Territory, the Northwest Territories, 
Newfoundland, and Labrador. They aided me in the collection and care of speci¬ 
mens and at times lived under rather difficult circumstances. I am under obliga¬ 
tion to Professor T. G. Halle, of Naturhistoriska Riksmus6et in Stockholm, with 
whom I have had the pleasure of association, Thanks are due several American 
institutions and scholars also. To the authorities at the New York Botanical Gar¬ 
den, to Dr. W, H. Long, Albuquerque, New Mexico, to the staff of the Division of 
Pathological and Mycological Collections of the United States Department of Agri¬ 
culture, and to Professor H. H. Bartlett, of the University of Michigan, I am espe¬ 
cially indebted. 

1 All these articles have appeared in the Papers of the Michigan Academy . 

2 Ultimately these early records will be revised so as to incorporate the new 
information obtained on the various expeditions, as well as in the laboratory, and 
will be published under the title “The Resupinate Polypores of North America.” 

0 ; ' 




10 


Dow V. Baxter 


The color terms given within quotation marks are those of R. Ridg- 

way, Color Standards and Color Nomenclature (Washington, 1912). 

Porta quercuum sp. nov. 

(Plate X) 

Type specimen.—Poria quercuum sp. nov. on Quercus stellata, Bran¬ 
son, Missouri, February S, 1947. Dow V. Baxter. Herb. Dow V. 
Baxter, Ann Arbor. 

Fructificatio albida, annua, per maculas irregulares usque ad 30 cm. 
effusa, siccitate fragilis separabilisque, coriacea, plerumque 2-3 mm. 
crassa; marginibus c. 1 mm. latis, juventate albis, tomentosis, aetate 
fertilibus, pallide ochraceis; subiculo albido, saepissime minus quam 
0.3 mm., inconspicuo, in plantis vetustis saepe nullo; tubis 2-3 mm. 
longis, diametro plerumque 3 (vel raro 2) per spatium 1 mm., parie- 
tibus crassis, primum albidis demum similibus (in speciminibus her- 
bariorum cito siccatis) vel plus minusve pallide ochraceis vel flavidis 
in speciminibus naturalibus siccis, aspectu cretaceis sed firmis; sporis 
laevibus, hyalinis, allantoideis, 3.5-4 p longis, 1 p latis; hyphis hya- 
linis, 2-4 p (plerumque 3-4 p) diametientibus. 

Fructification whitish, annual, effused in irregular patches for as much 
as 30 centimeters, cracking or checking and becoming somewhat 
separable upon drying, coriaceous, mostly 2-3 mm. thick; margin 
white at first, tomentose, approximately 1 mm. wide, becoming fertile 
with age and appearing “cream buff” or “chamois”; subiculum whit¬ 
ish, mostly less than 0.3 mm. and inconspicuous, often disappearing 
in old plants; tubes 2-3 mm. long, niostly 2.5-3 mm.; mouths 2-3 
to a mm., mostly 3, edges thick, white at first and remaining whitish 
in herbarium material or turning to “chamois” or “honey yellow” 
upon drying, appearing somewhat chalky but not rubbing off, spores 
smooth,hyaline, allantoid, 3.5-4 X 1 p; hyphae hyaline, 2-4, mostly 
3-4 p, in diameter. 

Allied species .—Among the porias Porta quercuum might suggest mac- 
roscopically weathered and old specimens of P. xantha crassa. The 
spores are approximately the same in size. Although P. xantha 
crqssa occurs chiefly on conifers, it has been collected on hardwoods. 
P. quercuum is known only on broad-leaved species. It is not so 
chalky, in. texture and does not rub off between the fingers, as does 
P. xantha crasSa. The pores of P. quercuum are much larger, 2-3 to a 
mm., whereas those of P. xantha crassa average about 5 to a mm. 
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Porta quercuum bears some resemblance to Trametes serialis and 
T. septum because of its coriaceous nature and size of tubes and pore 
mouths. The smaller spores of P. quercuum, 3.5-4 X 1 p, will dis¬ 
tinguish it from these plants. Spores of T. serialis are 7-9 X 2-3 p, 
and those of T. septum are 8-14 X 3.5 p. T. Morgani Lloyd, which 
is also in this group, is interpreted variously, but regardless of the 
name used all the plants in this complex have much larger spores 
than P. quercuum. Among them is T. Trogii Berk., which has 
spores that measure 8-10 X 2.5-3 p. This plant, as interpreted by 
Overholts, and T. Morgani are synonymous. 

Poria quercuum may look like weathered specimens of Poria unita 
and may suggest this species macroscopically. Furthermore, oak is 
a common subtratum for P. unita. These two polypores may readily 
be separated by spore measurements. The spores of P. unita are ob¬ 
long-ellipsoid to oval or subglobose, whereas those of P. quercuum 
are allantoid, 3.5-4 X 1 p. 

Cultures. — Isolated from Quercus stellate from Branson, Missouri. 
Young cultures of Poria quercuum are snow white and cottony in 
texture. Growth of this rapidly growing fungus is equally fast at 
25° C. and 30° C. (filling the petri dish at these temperatures within 
7 days). Furthermore, the rate of growth is only slightly reduced at 
35° C. (approximately 19.4 mm. in 7 days and 39.5 mm. in 14 days). 

Poria quercuum develops on both red-gum and white-pine blocks 
in culture. 

Habitat. — Quercus stellate and probably other native oaks of the south- 
central United States and the Southwest. 

Distribution. — Missouri, probably Arkansas, Oklahoma, and the south¬ 
western sections of the United States. 

Decay. — A white indeterminate rot with wefts of whitish mycelium ap¬ 
pearing in the checks of the subtratum. 

Poria crustutina xerophytka var. nov. 

(Plate H) 

Type: 

Poria crustulina xerophytka var. nov. on Torreya coMfomica, July 25,1958. Dow 
V. Baxter. Herb. Dow V. Baxter, Ann Arbor. 

Fructificatio albida, annua vel raro perennis, longe effusa, longitudine 
usque ad 15 cm.; margine saepe conspicuo, 1-2 mm. lato^tomentoso, 
sterili, albide ochraceo, vel pallide salmonicolori plerttmqae sfcdtate 
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rubide ochraceo; tubis unistratosis, raro bistratosis, longitudine 
usque ad 3 mm., plerumque 2 mm., cum oribus concoloribus; oribus 
albidis vel pallide ochraceis vel ochraceis, siccitate plerumque pallide 
ochraceo-salmonicoloribus vel rufis, 0.3-0.S mm. diam., plerumque 
O.S mm., dissepimentis crassis; basidiis 4-sporis; sporis, 3-3.5 p, 
diam., 6.5-7 p longis; hyphis hymenii 1-4 p., plerumque 1-3, saepe 
incrustatis; cystidiis nullis. In truncis Torreyae californicae prope 
silvas “Muir Woods’’ dictas, in vicinitate San Francisco, California, 
Jul. 5, 1938; legit Dow V. Baxter. 

Fructification whitish, annual or rarely perennial, effused in patches up 
to 15 cm. long; margin often conspicuous, 1-2 mm. wide, tomentose, 
sterile, whitish “cartridge buff,” pale “pinkish buff,” drying mostly 
“pinkish buff”; tubes in one layer, rarely in two, up to 3 mm. long, 
mostly about 2, concolorous with the mouths; mouths whitish “light 
buff” to “capucine buff,” drying chiefly to “light ochraceous salmon” 
to “tawny,” 2-3 to a mm., mostly 2 to a mm., dissepiments thick; 
basidia 4-spored; spores 3-3.5 X 6.5-7 p; hyphae of the trama 1-4 
p, mostly 1-3, often incrusted; no cystidia. On Torreya californica, 
vicinity of Muir Woods, near San Francisco, California, July 5, 1938. 

Allied species. — Poria crustulina xerophytica is intermediate in macro¬ 
scopic appearance between P. crustulina and P. subfusco-flavida, but 
microscopically it is related more closely to P. crustulina. It may be 
distinguished from P. subfusco-flavida by the larger mouths and the 
somewhat larger spores. Its spores are described as being 3-3.5 X 

6.5- 7 p, whereas those of P. subfusco-flavida are narrower, being 
(1.5) 2-2.5 X 4.5-7 p. 

The more distinctly allantoid spores of Poria crustulina and their 
slightly smaller width will serve to distinguish the species from 
variety P. crustulina xerophytica. Spores of P. crustulina are 2-3 X 

5.5- 7 (8) (x. P. crustulina is usually a thicker plant that covers wide 
surfaces of the substratum much as does P. subacida and checks or 
cracks upon drying. P. crustulina xerophytica, being thinner, does 
not crack open upon drying. It is more faintly pinkish, “light ochra¬ 
ceous salmon,” and less “cinnamon buff” than the species P. crus¬ 
tulina. Both plants are on coniferous wood; P. crustulina attacks 
species of Pinaceae, whereas P. crustulina xerophytica is known only 
on the California nutmeg in the Taxaceae, namely, Torreya calif or¬ 
nica. 
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Poria Cocos (Schw.) Wolf, Journ. Elisha 
Mitch. Sci. Soc., 38 :127-137. 1922 
(Plates III--IV) 

Lycoperdon solidutn Clayton, FI. Virg., p. 176. 1762. 8 

Lycoperdon cervimm Walt., FI. Carol., p. 262. 1788. 

Sclerotium giganteum Mac Bride, Trans. N. Y. Fhilosoph. Soc. 1817. 

ScleroUum Cocos Schw., Syn. Fung. Carol. Super., pp. 30-31. 1822. 

Pachyma Cocos (Schw.) Fries, Syst. Myc., 2 : 242-243. 1823, 

Pachyma solidutn Okcm, Lchrbuch d. Naturg., 2ter Teil, Botanik. 1925. 

Lentinus Tuber regmrn Fries, Epic, Syst. Myc., p. 392. 1836. 

Pachyma pinetorum Horaninow, pp. 2-23. 1856. 

Pachyma coniferarum Horaninow. 1856. 

Tuckhaus rugosus Rafinesque, Med. FI. N. Am., 2:255. 1830, 

Type and important specimens examined: 

Poria Cocos on com and pine. Coll. F. A. Wolf, det. F. A. Wolf. U. S. Dept. 
Agric, Pathological and Mycological Collections, Bdtsville, Md. 

Fructification* appearing on a sclerotium; the sclerotia varying consider¬ 
ably in size and shape, frequently resembling a potato, but often 
much longer and larger, sometimes weighing as much as 10,000 
grams (22} lb.), easily cut with a knife when fresh, but drying ex¬ 
tremely hard; interior becoming cracked, but the Assuring not per¬ 
ceptible from the exterior, cortex roughened and having the color of 
pine roots, the appearance suggested best in specimens in which 
flakes of bark constitute a part of the sclerotial context, the cortex 
consisting of densely compacted fungus cells making a well-defined 
layer 100—1 SO p in thickness, interior whitish or tinged with pink 
when fresh, drying gray; fructification white and cartilaginous at 
first, becoming slightly brown and papery upon drying; margin 
fertile; tubes 2-3 mm. long; mouths large, angular, sinuous; basidia 
blunt, 20-30X6-8 p, 4-spored; spores cylindric, smooth, 7-8 X 
3.5 p. Obovate conidiospores, 3-4 X 5-6 p, have been reported on 
the surface of a sclerotium (4). 

Conditions for fructification. — Fructification upon the sclerotium is ap¬ 
parently conditional upon at least three factors: (a) fresh sclerotia; 
(b) saturation with water, and (c) the presence of light (32), If the 
sclerotium has not dried out, the fungus can be made to fruit within 
a few days by placing in a moist chamber parts of the sclerotium 
which have been soaked in water. 

8 Hie list of synonyms has been reported by Weber (30). 

* The description presented here is based largely upon that of Wolf (32, 33). 
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nitride ochraceo; tubis unistratosis, raro bistratosis, longitudine 
usque ad 3 mm., plerumque 2 mm., cum oribus concoloribus; oribus 
albidis vel pallide ochraceis vel ochraceis, siccitate plerumque pallide 
ochraceo-salmonicoloribus vel rufis, 0.3-0.5 mm. diam., plerumque 
0.5 mm., dissepimentis crassis; basidiis 4-sporis; sporis, 3-3.5 p 
diam., 6.5-7 p longis; hyphis hymenii 1-4 p, plerumque 1-3, saepe 
incrustatis; cystidiis nullis. In truncis Torrcyae calif ornicae prope 
silvas “Muir Woods 1 ’ dictas, in vicinitate San Francisco, California, 
Jul. 5, 1938; legit Dow V. Baxter. 

Fructification whitish, annual or rarely perennial, effused in patches up 
to 15 cm. long; margin often conspicuous, 1-2 mm. wide, tomentose, 
sterile, whitish “cartridge buff,” pale “pinkish buff,” drying mostly 
“pinkish buff”; tubes in one layer, rarely in two, up to 3 mm. long, 
mostly about 2, concolorous with the mouths; mouths whitish “light 
buff” to “capucine buff,” drying chiefly to “light ochraceous salmon” 
to “tawny,” 2-3 to a mm., mostly 2 to a mm., dissepiments thick; 
basidia 4-spored; spores 3-3.5 X 6.5-7 p; hyphae of the trama 1-4 
p, mostly 1-3, often incrusted; no cystidia. On Torreya californica, 
vicinity of Muir Woods, near San Francisco, California, July 5,1938. 

Allied species. — Poria crustulina xerophytica is intermediate in macro¬ 
scopic appearance between P. crustulina and P. subfusco-flavida, but 
microscopically it is related more closely to P. crustulina. It may be 
distinguished from P. subfusco-flavida by the larger mouths and the 
somewhat larger spores. Its spores are described as being 3-3.5 X 

6.5- 7 p, whereas those of P. subfusco-flavida are narrower, being 
(1.5) 2-2.5X4.5-7 p. 

The more distinctly allantoid spores of Poria crustulina and their 
slightly smaller width will serve to distinguish the species from 
variety P. crustulina xerophytica. Spores of P. crustulina are 2-3 X 

5.5- 7 (8) p. P. crustulina is usually a thicker plant that covers wide 
surfaces of the substratum much as does P. subacida and checks or 
cracks upon drying. P. crustulina xerophytica, being thinner, does 
not crack open upon drying. It is more faintly pinkish, “light ochra¬ 
ceous salmon,” and less “cinnamon buff” than the species P. crus¬ 
tulina. Both plants are on coniferous wood; P. crustulina attacks 
species of Pinaceae, whereas P. crusttdina xerophytica is known only 
on the California nutmeg in the Taxaceae, namely, Torreya califor- 
nica. 
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Porta Cocos (Schw.) Wolf, Journ. Elisha 
Mitch. Sri. Soc., 38: 127-137. 1922 

(Plates 1II-1V) 

Lycoperdon solidum Clayton, FI. Virg., p. 176, 1762. 3 

Lycoperdon ceroinum Walt,, FI. Carol., p. 262. 1788. 

Sclerotium giganleum Mad!ride, Trans. N. Y. Philosoph. Soc. 1817. 

Sclerotium Cocos Schw., Syn. Fung. Carol. Suikt., pp. 30-31. 1822. 

Pachyma Cocos (Schw.) Fries, Syst. Mye., 2: 242-243. 1823. 

Pachyma solidum Oken, l.chrbuch d. Naturg., 2ter Teil, Botanik. 1925. 

Lentinus Tuber rcgium Fries, Kpic. Syst. Myc., p. 392. 1836. 

Pachyma pinetonm Horaninow, pp. 2-23. 1856. 

Pachyma conijerarum Horaninow. 1856. 

Tuckhaus rugostts Rafmcsque, Med. FI. N. Am., 2 :255. 1830. 

Type and important specimens examined: 

Porn Cocos on corn and pine. Coll. F. A. Wolf, det. F. A. Wolf. U. S. Dept. 
Agric. Pathological and Mycological Collections, Beltsville, Md. 

Fructification 4 appearing on a sclerotium; the sclerotia varying consider¬ 
ably in size and shape, frequently resembling a potato, but often 
much longer and larger, sometimes weighing as much as 10,000 
grams (22,-J lb.), easily cut with a knife when fresh, but drying ex¬ 
tremely hartl; interior becoming cracked, but the Assuring not per¬ 
ceptible from the exterior, cortex roughened and having the color of 
pine roots, the appearance suggested best in specimens in which 
flakes of bark constitute a part of the sclerotial context, the cortex 
consisting of densely compacted fungus cells making a well-defined 
layer 100-150 p in thickness, interior whitish or tinged with pink 
when fresh, drying gray; fructification white and cartilaginous at 
first, becoming slightly brown and papery upon drying; margin 
fertile; tubes 2-3 mm, long; mouths large, angular, sinuous; basidia 
blunt, 20-30X6-8 p, 4-spored; spores cylindric, smooth, 7-8 X 
3.5 p, Obovate conidiospores, 3-4 X 5-6 p, have been reported on 
the surface of a sclerotium (4). 

Conditions for fructification. — Fructification upon the sclerotium is ap¬ 
parently conditional upon at least three factors: ( a ) fresh sclerotia; 
(6) saturation with water, and ( c ) the presence of light (32). If the 
sclerotium has not dried out, the fungus can be made to fruit within 
a few days by placing in a moist chamber parts of the sclerotium 
which have been soaked in water. 

* The list of synonyms has been reported by Weber (30). 

* The description presented here Is based largely upon that of Wolf (32,33). 
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Habitat .— Abies balsamea, Betula lutea, Citrus parodist* C. sinensis , 5 
Carya sp ., 6 Erythrina kerbacea, Eucalyptus sp.f' Fagus grandifolia, 
Juniperus virginiana, Magnolia grandiflora* Pinus earthaea, P. echi- 
nata , P. rigidafl P. taeda 7 Prunus serotina, Quercus alba* Q , bore¬ 
alis maxima , 8 Q. coccinea* Q. Montana* Q. phellos* Q. vclutina* 
Rhus sp. f Taxodium distichum, Tsuga canadensis, Zea Mays. 

Distribution . — Manitoba, Saskatchewan, Alabama, Arkansas, Con¬ 
necticut, Delaware, Florida, Georgia, Kansas, Kentucky, Maryland, 
Massachusetts, Minnesota, Mississippi, Missouri, New Jersey, New' 
York, North Carolina, Pennsylvania, South Carolina, Tennessee, 
Texas, Virginia, Wisconsin. 

Occurrence. — The tuckahoes occur largely in sandy soil and may be 
slightly covered with sand or actually buried several feet deep, ac¬ 
cording to Weber (30). 

Gore (14) also reports them as occurring in light sandy soil or 
sandy loam that is not too wet, and they likewise occur in old fields 
or woodlands. Giissow (15) found the Canadian tuckahoe in pop¬ 
lar woods. They occurred eighteen inches deep in yellow ferruginous 
sand encircling an oak-tree root, according to Lockwood (22). Wolf 
(32) believes that the tuckahoes are generally attached to tree roots 
growing in sandy soils, in flat woods, hammock and grove lands of 
North Carolina. They are buried in sand in depths down to two 
feet (30). The occurrence of sclerotia on “little-leaf” diseased trees 
(Pinus echinata) has been recorded by Jackson (19). He fre¬ 
quently found sclerotia on little-leaf trees but not on healthy pine. 

Common names . — Weber (30) has given so excellent a history of the 
common names applied to Porta Cocos (Schw.) Wolf that the ma¬ 
terial presented here is based largely upon his account. The earliest 
records concerning tuckahoes, according to this author, appeared in 
1722 in a history of the State of Virginia, in which there are accounts 
relating to the tuckahoes that the Indians dug out of the ground. An 
earlier reference to tuckahoes, however, was located in a rare copy of 
a 1705 edition of the history and present state of Virginia which is 
in the William L. Clements Library of the University of Michigan 
(see Plate IV). The term “tuckahoe” is a common one for a certain 
type of sclerotium. It has also been used to describe various kinds 

5 Reported in Weber (30). 6 Reported by Murrill (25). 

7 Reported by Wolf (32). 

8 Reported by Davidson, Campbell, and Vaughn (10). 
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of tuberous roots, as is indicated in this early reference, and Tmtians 
had similar terms to designate the tuberous roots collectively. “Tuck- 
ahoe,” “tawkce,” “ptucaui,” “pelukqui,” and “pittikmow” were in 
common use (14, 30). Weber (30) reports that Peter Kahm, in his 
Travels in North America, published in 1772, listed the words 
“tawko,” “tawking,” “tuckah,” “tawkee,” “tawkin,” “tockim,” and 
“tockin” as names of more or less bulbous edible roots. It appears 
that the names mentioned include all tuber-like plants, whether they 
were of phanerogamic or cryptogamic origin. The present account 
has to do only with the fungus sclerotium designated by the binomial 
Pachyma Cocos (Schw.) Fries, by which the plant was known for 
almost a hundred years, or Poria Cocos (Schw.) Wolf, the name now 
correctly applied to it. 

Cultures. — Isolated from oak by Davidson, Campbell, and Vaughn 
(10), and from Pinus echinata by Jackson (19). The reports here 
are based upon their data and upon the cultures in the Laboratory of 
Pathology in Forest Practice obtained from the United States Di¬ 
vision of Forest Pathology. 

The growth is usually rapid, forming either a “cartridge-buff” or 
a “pale pinkish-buff” mat, oppressed-cottony at center to loose- 
cottony at margins; or oppressed, “army brown” to “Vandyke 
brown,” margins often loose-cottony; when first isolated inclined to 
be oppressed, brown, but becoming loose-cottony. Lacerate-poroid, 
white resupinate fruiting surfaces forming in ten-day-old mats. Ac¬ 
cording to Jackson (19), isolates from short-leaf pine show minor 
variations from those isolated from oak by Davidson and others. 
These characters, the formation of chlamydospore-like cells, the fra¬ 
grance of mycelium on cooked wheat, and the dark-brown' form of 
growth are regarded as differences in isolates. 

The submerged and superficial hyphae are 2-1S p in diameter, 
thin-walled, prominent septations, often constricted and without 
clamp connections, breaking up into short irregular lengths with 
interspersed empty cells; irregular inflated cells either single or in 
chains; basidiospores cylindric, 7-9 X 3-4 p, viable. 

Optimum temperature for growth is approximately 30° C. The 
most noticeable features of the fungus in culture, according to these 
investigators, are its fragile “pale pinkish-buff” mat; the excep¬ 
tionally large septate, often much-constricted, hyphae; and the large 
connected, inflated cells. When the fungus fruits, the cylindric 
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basidiospores produced in coarse poroid or lacerate fruiting bodies 
are also distinctive. 

The fungus gives a negative reaction to tannic-acid medium (9). 

Pathogenicity. — Poria Cocos has been inoculated on the roots of short- 
leaf pine two and three years old and grown in pots of nonsterile soil 
by Jackson (19). The roots of the seedlings were so treated at the 
time of transplanting by scattering grains of cooked-wheat inoculum 
through the soil about one-half inch from the roots. Controls were 
inoculated with sterile cooked wheat. 

All the isolates of Poria Cocos spread rapidly in the soil, and in 
some pots poroid mats formed on the surface of the soil in fourteen 
days. Heavy losses of pine trees were caused in a relatively short 
time. “For all isolates the number of plants killed in twelve to 
ninety days varied from 79 to 100 per cent per series.” 

Feeding roots of the affected pine trees were decayed. Bark on 
the inoculated trees became loose and dark brown. The stele was 
light brown. Poria Cocos was reisolated from the steles. 

The pathogenicity of the fungus as demonstrated (19) confirms 
Wolf’s assumption (32) that the fungus is probably parasitic. The 
addition of woods humus to the soil at the time of inoculation failed 
to affect the pathogenicity of the poria. 

Economic importance and decay. — From the report of Banning (1) 
and the accounts studied by Weber (30), it appears that the scle- 
rotia were at times used as food, being roasted and eaten by natives 
or, later, by Negroes who had learned from the Indians that they 
were edible. They were also employed in making a kind of bread. 
Some records indicate that they were not eaten raw because they 
were poisonous. Fries (12) reported that they contained certain 
medicinal properties and were used by the natives in remedies. Ra- 
finesque (27) believed that tuckahoes were the most delicate of all 
food, being odorless and having a fine taste. On the other hand, 
Murrill (24) did not think that they were a common source of food 
or that the sclerotia had any curative properties. 

Poria Cocos has been isolated from decayed black cherry trees by 
Davidson and Campbell (8). These authors obtained cultures of 
the fungus six times from butt sections of Primus serotina. The 
fungus is also reported as a cause of heartrot in oak. It might be 
assumed further that the fungus causes decay as a saprophyte, since 
it has been reported on railroad ties in service (4). 
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Scierotia have invariably been found among the roots of pine 
trees, Pinus tacda and P. rigida, by Wolf (32), but the exact rela¬ 
tionship of the fungus to these trees has not yet been determined, 

Polyporus balsamous Peck, Ann. Rep. New York State Mus., 

30:46. 1878 
(Plate V) 

Polyporus apalus LeveiUe (teste Pilat), Ann, Sci, Nat., p. 124. 1843. 

Polyporus crispellus Pk., Ann. Rep, New York State Mus., 38:91. 1885. 

Cokolus balsameus (Pk.) Murr., N, Am. FL, Pt. I, p. 21. 1907. 

Coriolus kymatodes (Rostk.) B. & G. (teste Pil&t), Bull. Soc, Myc. de France, 
41:143. 1925. 

Coriolus apalus (Lev.) B. & G. (teste Pil&t), H. de Fr., 566, 1928. 

Tyromyces crispellus (Pk.) Murr., N. Am. FI., 9:34. 1907. 

Tyromyces balsameus (Pk.) Murr., Myc., 12: 7. 1920. 

Tyromyces kymatodes (Rostk.) Donk (teste Pil&t), Med. Bot. Mus. Utrecht, 9:153. 
1933. 

Leptoporus almaatcnsis Pil&t (teste Fil&t), Bull, Soc. Myc. de France, 52:307, t. 3, 
f. 1-2. 1936, 

Leptoporus kymatodes (Rostk.) Pil&t, Atlas des Champignons de PEurope, III. 214. 
1936. 

Fructification sessile, effused-reflexed, resupinate, or appearing substip- 
itate, corky when fresh, rather rigid in dried specimens, 1-3 X 2-5 
XQ.2-0.5 cm. (Lowe), surface whitish to pale brown, drying “light 
buff,” markedly villose to tomentose, with lighter concentric zones, 
occasionally becoming reddish (“benzo brown”) when bruised; mar¬ 
gin thin; context white, 1-4 mm. thick; tubes white, 1-3.5 mm. 
long; mouths white, 2-6, mostly 4-5, to a mm.; edges thin, dentate; 
spores hyaline, smooth, frequently one-guttulate, ellipsoid to ovoid, 
3-5 X 2-3 fx; hyphae seldom branched, 5-9 p in diameter; cystidia 
thin-walled, not incrusted, 4-9 |X in diameter and projecting up to 

20 \i. 

Allied specks . — Polyporus ftoriformis Qu6L and Pol. tephroleucus Fr. 
have been reported as synonyms by Hubert (16), but are not so re¬ 
garded in the present study. Cystidia are not present in PoL flori~ 
formis . The spores of Pol. tephroleucus are allantoid, 4-5 X 0.7- 
1.5 (i (Overh.), in contrast to the ovoid spores of PoL balsamous, 
which measure 3-5 X 2-3 ft. 

Habitat. — Abies balsamea, Betula lutea, Picea glauca , P* rubra, P. 
sitchensis, Pmus Strobus, Prunus serotina, Thuja occidental^, T. 
plicata, Tsuga canadensis . 
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Distribution. — British Columbia, Nova Scotia, New Brunswick, On¬ 
tario; Newfoundland; California, Maine, Michigan, Minnesota, 
New Hampshire, New York, Oregon, Pennsylvania, Tennessee, 
Washington, Wisconsin. 

Occurrence .— Although the fungus appears in the West Coast states, 
it is found chiefly from Minnesota eastward, through eastern Canada, 
and in New England. I have never discovered it on any of the west¬ 
ern species of Abies. Polyporus balsameus is usually associated with 
decay in balsam fir and other conifers, but has been collected on 
yellow birch and black cherry on the Allegheny National Forest (8). 

Decay. — Polyporus balsameus produces a brown cubical rot similar to 
that caused by Pol. Schweinitzii. In the early stages of decay in¬ 
fected areas become buff or buff yellow. Later the wood darkens to 
a clay color or a chocolate brown. Shrinkage cracks appear, and the 
attached wood breaks up into large cubes (3). A thin powder-like 
layer of mycelium often forms within the shrinkage cracks. 

Signs of rot. — The fruiting bodies are in evidence for only a short 
period, and they usually occur on trees growing on moist sites. They 
may be found on the trunk at the base of limbs, but they are more 
commonly attached to exposed roots in the root crotches and basal 
scars. In nature insects soon destroy the fruiting bodies. Basal 
scars, fire scars, and frost cracks are usually observed in connection 
with trees showing this rot. Resin flow in the root crotches and 
along the exposed parts of roots often accompanies decay (16, 17). 

Cultures. — Isolated from heartwood of Abies balsameus and sporophore 
tissues by Clara W. Fritz. Initial growth consists of delicate color¬ 
less hyphae, which bear numerous clamp connections. Within a 
week chlamydospores with thick, smooth hyaline walls form in 
terminal or intercalary positions and, according to Fritz (13), they 
produce conidium-iike sprays in the first type and long beadlike 
chains in the latter. These chlamydospores measure 7-10 X 12-22 
jx. The fungus mat& are at first thin, downy-hairy, with a broad, 
straggling, colorless appressed margin, becoming close-woolly and 
finally assuming a spongy texture over the surface. The fungus is 
white and gradually changes to “cream buff” and “cinnamon buff” 
to even drab in culture. Polyporus balsameus gives a negative re¬ 
action to tannic-acid medium. 

Importance. — Butt rot in balsam due to Polyporus balsameus is 
secondary in importance to Poria subacida , but it contributes greatly 



Resupinate Poly pores 19 

to the rapid deterioration of balsam-fir stands killed by Harmologa 
fumiferana Clem., the spruce budworm (5). 

Kaufert (2D) reports that of 690 trees examined in the Lake 
States 70 per cent had butt rot alone and that 23 per cent had both 
butt and top rot. These studies were made in Minnesota and Wis¬ 
consin, and included sample areas on the Chippewa and Chequa- 
megon national forests and on lands of the Northwest Paper Com¬ 
pany and of the Minnesota and Ontario Paper Company. It might 
appear that the greatest amount of cull losses was caused by butt 
rot. Analysis of the data showed, however, that decay in all the 
trees amounted to 16.5 per cent of growth. Since the net increment 
is still appreciable on trees ninety years old, stands of that volume 
could probably be left. Of this volume 8.7 per cent was due to butt 
rot and 7.8 per cent to top rot. Although butt rot appeared in a 
far greater number of trees than top rot, apparently it did not cause 
as much cull. This result is due partly to the fact that butt rot is 
confined to the lower part of the bole, whereas top rot usually oc¬ 
cupies a high percentage of the upper and merchantable part of the 
trunk. 

Of the 642 trees with butt rot 471, or 73.4 per cent, had yellow 
stringy rot (caused by Poria subacida) and 110, or 17.1 per cent, 
had brown cubical rot. When estimates are made on a volume basis, 
Polyporus balsameus caused 5.7 per cent of the losses, and Poria 
subacida caused 89 per cent. Hubert (16) states that in Door 
County, Wisconsin, most of the balsam firs ranging in diameter from 
three to eighteen inches were found to be infected with Pol. balsa¬ 
meus. In badly rotted trees the rot column extended from six to 
twelve feet up in the trunk. Wind and snow breakage is common in 
many areas where the balsam are badly decayed. 

Butt rot examined by Kaufert in balsam fir up to 60 years of 
age was of minor importance. In trees 60 to 150 years old it gradu¬ 
ally increased until at 150 years it covered 41 per cent of the total 
volume of the tree. Considering the percentage of trees infected 
with butt rot, the percentage of decay, and the percentage of cull for 
the various age classes, it was determined that the net periodic in¬ 
crement in the tree is greatest at about 70 years, after which it 
decreases gradually until at approximately 100 years decay and cull 
offset age without severe decay losses. Kaufert reports, however, 
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that after 80 years damage from wind breakage would be consider¬ 
able. 

Balsam fir usually grows in uneven-aged stands in mixtures with 
other species, so that diameter relationships to decay incidence are 
of importance. Age determinations are costly to make in such 
forests. Kaufert finds that the percentages of rot and the percent¬ 
ages of cull increase with increase in diameter. The highest periodic 
increment is reached, however, at a diameter between 9 and 10 
inches. The age of 9- or 10-inch balsam examined is about 90 years. 

Polyporus balsameus in the interior of British Columbia was re¬ 
ported by Buckland (6) as being responsible for but little of the 
brown cubical rot that occurs in western red cedar. He points out, 
however, that some of the butt-decay infections attributed to other 
fungi may have been due to Pol . balsameus and adds that additional 
study may indicate a greater relative importance of the fungus as a 
cause for brown cubical rot in this tree. 

Poria aurea Peck, 43d Rep. New York State Mus., p, 21. 1890 

Type and important specimens examined: 

Poria aurea on Acer saccharinum (other specimens oh same sheet as type on coni¬ 
fers), Sevey, New York Herb. New York State Museum, Albany, New York. 

Poria aurea Pk., Coll. G. F. Atkinson, Port Jefferson, Long Island, New York. 
1904. Identification confirmed by Dr. Chas. Peck. Herb. G. F. Atkinson, 
Ithaca, New York. 

Fructification annual, effused up to separable when fresh (Peck), watery 
as in Poria subacida when fresh; margin byssoid, greenish yellow 
(Peck) in fresh growing plants; subiculum thin, “subgelatinous,” 
drying somewhat translucent, inconspicuous; tubes 2-5 mm. long, 
concolorous with the mouths; mouths golden yellow when fresh, 

2.5- 5 to a mm.; spores oblong or short-cylindric, smooth, hyaline, 

5.5- 7.5 X 2.5-3.5 p (Overh.); cystidia abundant, conspicuous, 30- 
50 X 12-20 ^ (Overh.); hyphae branched, thin-walled, 2-3 \i in di¬ 
ameter, clamp connections present. 

Allied species.—Poria aurea is most closely allied to P . subacida and 
may readily be confused with that species in the field, particularly 
in the West. The present appearance of the Peck specimen is much 
like that of a thin, watery P. subacida . Overholts (26) observed 
this and reported that it differs from P. subacida, “as it does from all 
other known species, in the well-developed, mainly unincrusted 
cystidia. 5 ’ 
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Colors, as well as the presence of unincrusted cystidia, are con¬ 
fusing, however, in the description of Porta colorea Overholts and 
Englerth as presented by Englerth (11), He stated that the sporo- 
phores of the yellow rot fungus “resemble those of P. subacida 
closely/' but that “the sporophores of P. subacida are white when 
fresh, turning buff when old, while those of P. colorea are antimony 
yellow to golden yellow in color.” Nonincrusted cystidia are listed 
in the description as “16-20 X 5-7 p” and as “seen occasionally.” 
“The fungus should be referred to as Poria colorea Overholts and 
Englerth.” In the description of P. aurea the pore surface is golden 
yellow, fide Peck. 

Since the points of difference of Poria colorea and P. subacida do 
not seem significant, in this series P. colorea is not recognized as a 
species. The spore measurements of P. colorea are given for the 
Overholts and Englerth plant as broadly ellipsoid, 4-5-6 p X 3.5-4 p, 
whereas Overholts gives the spores of P. aurea as oblong or short- 
cylindric, 5.5-7 X 2,5-3.5 \x. 

Habitat.—Acer saccharinum , Picea sitchensis, Tsuga heterophylla. 

Distribution,— Alaska, Oregon, New York. 

Polyporus adustus (Willd.) Fr., Syst. Myc., 1:363. 1821 

(Plate VI) 

Leptoporus adustus (Willd.) ex Fr., Qudl., Encb. Fung., 177. 1886. 

Boletus adustus Willd., FI. Berol. Prod., p. 392. 1787. 

Boletus fuscoporus Planer, Ind. PI. Erl., p. 26. 1788. 

Boletus suberosus flabelliformis Batsch., Elench. Fung. Contin., 2 :117, pi. 226. 1789, 

Boletus carplneus Sow., Eur. FL, 2: t. 231. 1799. 

Polyporus carpimus (Sow.) Secretan (teste Pildt), Mycographic suisse, 3:123. 1833. 

Polyporus crispus (Per#.) Fr., Syst. Myc., 1 :363. 1821. , 

Polyporus paUescens Fr., Syst. Myc., 1:369. 1821. 

Boletus isabeUims Schw., Schr. Nat. Ges. Leipzig, 1:96. 1822, 

Polyporus subcimreus Berk., Ann, Mag. Nat. Hist., II, 3:391. 1839. 

Polyporus detnissus Berk, (teste Pildt), Hook. Journ. Bot, 4:52. 1845. 

Polyporus Haksiae Berk. & Curt,, Ann. Mag. Nat. Hist., II, 12:434. 1853. 

Polyporus adustus carpineus (Sow.) Fr., Hymen. Europ,, 550. 1874. 

Polyporus caerulus Fr, (teste Pildt), Hymen. Europ., 549. 1874. 

Polyporus tristis Fr. (teste Pildt), Hymen. Europ., 581. 1874, 

Polyporus dissitus Berk, & Br. (teste Pildt), Journ. Linn. Soc., 14:48. 1875. 

Polyporus Ltndkeimeri Berk, & Curt., GreviHea, 1:50. 1892. 

Bjerkandera adusta (Willd.) Karst., Meddel. Soc. Faun. FI. Fenn,, 5:38. 1879. In 
part* 

Polyporus Mac~Owani, Kakh. (teste Pildt), GreviHea, 10:54. 1880. 

Polyporus simulans Karst, ex Lloyd, Synopsis of the Section Apus of the Genus 
Polyporus, p. 386. 1915* 
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Myriadoporus adustus (Willd.) Peck, Bull. Terr. Bot. Club, 11:27, 1884. 

Polystictus similam (Berk. & Curt,) Sacc. (teste Pilat), Syll. Fung., 6:117. 1888. 

Polyporus Burtili Peck, Bull. Torr. Bot. Club, 24:146, 1897. 

Coriolus alabamensis Murr., N. Am. FI., 9:19. 1907. 

Polystictus adustus (Willd.) Big. & Guill. (teste Pilat), 2:371, t. 27, f. 3. 1913. 

Polystictus adustus var. crispus (Pcrs.) Big. & Guill. (teste Pilat), 2:372. 1913. 

Polystictus carpineus (Sow.) Konrad, Bull. Soc. Myc. Fr., 39:14. 1923. 

Gloeoporus adustus (Willd.) Pilat, Atlas des Champignons de l’Europe, IS7. 1936. 

Fructification sessile, effused, reflexed-imbricate, often confluent, 1-5 
X 2-9 X 0.1-0.8 cm., or often resupinate and occasionally extending 
over a long surface for two or three meters or more, corky; surface 
white or gray to “light pinkish cinnamon,” finely tomentose, azonate 
or indistinctly zonate, margin thin, sterile below, often becoming 
blackish; context white or “light buff,” 1-6 mm. thick, hyphae in 
radial arrangement; tubes at first whitish then gray to black, 0,5-3 
mm. in length; mouths concolorous with the tubes, 5-8 to a mm., 
round to angular; basidia 4-spored, 4-5X9-14 p in diameter; 
spores hyaline, smooth-cylindric to cylindric-ellipsoid, seldom allan¬ 
toid (curved), 3-5X1.5-2.5 p; hyphae rarely branched, thick- 
walled, 4-6 p in diameter; cystidia none. 

Allied species .—The nearest allied polypore to Polyporus adustus is 
Pol. fumosus. The differences between the two plants are mostly 
relative. The mouths of Pol . adustus are somewhat smaller, i.e. 5-8 
to a mm., whereas in most specimens of Pol . fumosus they are 3-5 
to a mm. The tubes may be longer than those recorded for Pol. 
adustus , and the fruiting body itself is thicker. It is known that 
Pol . adustus has deep smoke-colored pores when growing, whereas 
Pol. fumosus has white pores that turn smoky in drying. Pol cris¬ 
pus (Pers.) Fr., which is regarded by many as a good species but 
which is here classed as a synonym of Pol adustus , is said to differ 
from the latter only in the radially appressed fibrils on the surface 
of the pileus and the crisped or wavy margin of the pileus (29). 

A few specimens of this plant have been collected on conifers. 
These are so thin and possess such a stereum-like margin that Poly¬ 
porus pallescens Karst, is suggested. That species, however, does 
not possess dark-colored tubes. 

It is usual for specimens entirely resupinate to separate at the 
margin upon drying, so that one can distinguish this polypore from 
a true poria. In Oklahoma and elsewhere in the Southwest, however, 
the plant may become and remain entirely resupinate, so that an 
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abundance of material in various stages of growth is necessary before 
an accurate diagnosis can be made, Polyporus adustus is more 
likely to occur in the resupinate stage in the Plains states than far¬ 
ther east* 

Habitat . — Abies balsamca, Acer Ncgundo, A. rubrum, A . saccharinum, 
A, saccharum, A csculus calif arnica , Ahius ohlongi folia, A. rubra, Be - 
tula lutea, B. neo-alaskana, B. papyrifera, B. papyrifera occidentalis, 
Carpinus caroliniana, Ccltis sp., Cercis canadensis, Citrus sp., Cornus 
florida, Eucalyptus globulus , Fagus grandifolia, Gleditsia sp., Hale - 
sia Carolina, Hicoria ovata, Ilex opaca, 1 uni perns virginiana, Larix 
occidentalis, Liquidambar Styraciflua, Liriodendron tulipifera, Mag¬ 
nolia virginiana, Nyssa sylvatica, Ostrya virginiana, Picea excelsa, 
P. rubra, Pinus ponder os a, P. Strobus , Platanus occidentalis, Popu- 
lus balsamifera, P. deltoides, P. grandidentata, P. trcmuloides, P. 
trichocarpa, Pscudotsuga taxi folia, Primus dcmissa, P. pennsylvanica, 
P. seroiina, Quercus alba, Q. borealis maxima, Q. Garryana, Q. velu- 
tina, Rhus taxicodendrum, Robinia pseudoacacia, Rubus sp., Salix 
alba vitellina, S. nigra, Syriuga vulgaris, Thuja occidentalis, T. pli - 
cata, Tilia glabra, Ultnus americana, Viburnum Sargcnti, Vitus sp. 

Distribution.— Alberta, British Columbia, New Brunswick, Manitoba, 
Nova Scotia, Ontario, Quebec, Saskatchewan; Alaska; Alabama, 
Arizona, Arkansas, California, Colorado, Connecticut, District of 
Columbia, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Iowa, 
Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska, 
New Hampshire, New Jersey, New York, North Carolina, North 
Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, Ten¬ 
nessee, Texas, Vermont, Virginia, Washington, West Virginia, Wis¬ 
consin, Wyoming. 

Occurrence. ~ The fungus is known not only over much of North Amer¬ 
ica and Europe, hut also in such widely separated places as Cuba, 
the Argentine Republic, Patagonia, and the Philippines, In Aus¬ 
tralia it has been reported from New South Wales and Queensland 
(28), In the United States it is less prevalent in the areas west of 
the one hundredth meridian. 

Polyporus adustus attacks over thirty different genera of trees. 
It is most common on hardwoods, especially species of Populus, 
throughout the continent. It occurs occasionally on conifers. Abies 
balsamea, Pinus ponderosa, Larix occidentalis, Thuja plicata, and 
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Pseudotsuga taxijolia are reported America substrata; it is known 
on Picea excelsa in Sweden (31). The fruiting bodies are usually 
somewhat thinner than those that appear on hardwood timber and 
at times are almost “stereum-like.” It causes decay in standing 
hardwoods injured by fire. 

Cultures.—Polyporus adustus, one of the most common of the poly¬ 
pores, has not been studied extensively in cultures by Americans; 
apparently it exhibits an optimum growth at 25° C. Cartwright and 
Findlay (7) report about 25° C. for the English isolate, and it is there¬ 
fore placed in the Intermediate-Temperature Group of Humphrey and 
Siggers (18), that is, the optimum is between 24° and 32° C. Cart- 


TABLE I 

Growth of Polyporus adustus and Pol. fumosus Compared 



Temperature in centigrade 


15° 

20° 

25° 

27° 

30° 

35° 

Pol* adustus ......... 

■ 

7.9 

8.0 

7.8 

3.5 

0 

Pol, fumosus . 

IBS 

5.1 

7.4 

6.4 

1.5 

0 



wright and Findlay also cultured the closely related Pol. jumosus, 
which make slightly less growth at various temperatures than Pol. 
jumosus, as is shown by results given in Table I. It produces a 
smooth soft white (or slightly yellowing on aging) cottony-woolly 
growth. The odor is faintly fragrant. A few swellings of the chlamy- 
dospore type are present, and clamp connections occur (7). 

The fungus gives a positive reaction to tannic-acid medium. 

Decay. — Polyporus adustus brings about a white, mottled aspect, which 
often extends into the heartwood of a tree or a log. The infected 
wood gradually becomes lighter in color and weight than that which 
is sound. White areas appear to run radially throughout the wood 
during the early period of decay and become more conspicuous as 
fungus activity progresses. No black lines or zones are formed. 

Development of saprot caused by this fungus in red gum has been 
described by von Schrenk (28) with reference to logging and milling 
practices. Where red gum is felled for its lumber the logs are sawed 
in the woods and are skidded to the bank of a stream for either float¬ 
ing or rafting later on, or hauled by truck or railroad to the mill. - Less 
decay takes place in logs that are hauled to the mill and sawed at 
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once. The boards dry out in the piles “to such an extent that the 
growth of the fungus is made impossible.” If, however, the logs are 
rafted, saprot will result in from one to several weeks after the tim¬ 
ber has been cut, depending upon the season of the year. Green 
red-gum logs sink when placed in water, so that it is customary to 
pile them along stream banks for some months until they have dried 
out to such a degree that they can be rafted by the aid of cottonwood 
or other lighter logs. Rafting or floating takes place during Decem¬ 
ber and January, when a sufficient amount of water is available. 
Summer-cut logs manufactured into boards show decay, which may 
extend from both ends of the log throughout the sapwood for dis¬ 
tances ranging from several inches to several feet. 

Freshly sawed boards that are infected with Polyporus adustus 
are characterized by streaks of various colors. These streaks are 
light orange in the region of first change. When the wood has de¬ 
cayed further, affected areas become straw-colored or whitish. It is 
only after the fungus has grown into the wood for a considerable 
distance (two or three feet), however, that a marked disintegration 
results. 

According to von Schrenk, it is not unusual to find more than 75 
per cent of freshly sawed boards in one pile forming fruiting bodies 
within two weeks after the planks are piled in stacks. 

Prevention of Decay . — Saprot in red gum caused by Polyporus 
adustus may be prevented by shortening the drying period in the 
woods, either by hauling the logs by truck or rail or by reducing the 
moisture in the log. Von Schrenk (28) finds that the drying may be 
accomplished by leaving the felled gum trees in the forest and post¬ 
poning the sawing until the leaves are thoroughly dry. The amount 
of water evaporated by the leaves may be sufficient to permit floating 
the logs. 

Saprot may likewise be retarded by end coatings of the logs. 
Wherever possible, freshly cut logs, especially those that are cut 
during spring and summer months, should be peeled. 

Polyporus biformis (Klotsch) Berk., Linnaea, 8 :486. 1833 

(Plate VII) 

Polyporus molliusadus Berk., Lond. Joum, Bot, 6:320. 1847. 

Polyporus caroUnensts Berk, (ex Murrill), Joum. Bot. and Kew Misc., 1:102. 1849. 

Polyporus chartaceus Berk, (ex Murrill), Joum, Bot. and Kew Misc., 1:103. 1849, 
Grevillea, 1:53, 1872. 
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Polyporus scarrosus B. & C. (ex Murrill), Grevillea, 1: 52. 1872. 

Polyporus pallidocervmus ex Lloyd, Synopsis of the Section Apus of the Genus Poly¬ 
porus, p. 383. 1915. 

Polystictus bijormis (Fr.) Sacc., Syll. Fung., 6:240. 1888. 

Coriolus bijormis (Klotzsch) Pat., Tax. Hymen., p. 94. 1900, 

Fructification sessile, effused-reflexed or resupinate; pileus whitish, dry¬ 
ing alutaceous-coriaceous or often rigid when dry, 1-5 X 1-6 X 0.2- 
1.2 cm. or resupinate; surface whitish to “pinkish buff,” “cinnamon 
buff,” “Sayal brown,” with radiating fibrils; margin thin; context 
white, 1-6 mm. thick; tubes white or whitish, mostly 2-6 mm. long; 
mouths white to yellowish or light brown, i.e. white to “cinnamon 
buff,” sometimes drying to “cinnamon brown,” large, commonly 
breaking up to form teeth, 1-2 to a mm., no cystidia, spores hyaline, 
smooth-cylindrical, 6-8 X 2-2.5 p, hyphae 3-4 \i in diameter. 

Allied species .— Polyporus bijormis is closely allied to Pol . pubescens. 
Pol. bijormis differs from Pol. pubescens in that the mouths in Pol. 
bijormis are large (1-2 to a mm.), whereas in Pol. pubescens they are 
smaller, i.e. 3-4 to a mm. 

Habitat. — Acer rubrum, A. saccharum, Alnus tenuijolia, Arbutus Men - 
ziesii, Betula lenta, B . lutea, B. nco~alaskana, B , papyrijera, Car - 
pinus sp., Fagus grandijolia, Fames jomentarius (fruiting body), 
Fraxinus nigra, Hicoria cordiformis, H. glabra, Juglans cinerea, Li - 
quidambar Styracijlua, Liriodendron Tulipijera, Lit ho car pus densi- 
jlora, Nyssa sp., Picea mariana, Populus grandidentata, Prunus 
pennsylvanica, Quercus alba, Q. borealis maxima, Q. Emoryi, Q. 
Garryana, Q. marilandica, Q. rubra, Q. texana , Q. velutina, Q. vir- 
giniana, Robinia pseudoacacia, Satix sp., Tilia sp., Vlmus americana, 
Umbellularia californica. 

Distribution . — British Columbia, Manitoba, Nova Scotia, Ontario, Que¬ 
bec; Northwest Territories, Yukon Territory; Alaska; Alabama, 
Arkansas, California, Connecticut, Delaware, District of Columbia, 
Florida, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, 
Maryland, Michigan, Minnesota, Mississippi, Missouri, New Hamp¬ 
shire, New York, North Carolina, Ohio, Oklahoma, Oregon, Penn¬ 
sylvania, Rhode Island, Tennessee, Texas, Vermont, Virginia, West 
Virginia, Wisconsin. 

Occurrence .—This common plant in America occurs rather infrequently 
in Europe. Lloyd (21) points out that Polyporus bijormis grows in 
Cuba (but is there called Polyporus .pallidocervmus) and that it is 
the same as the ubiquitous American species. It is rare in Africa. 
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I have found Polyporus biformis more abundant in .Ozark County, 
Arkansas, than elsewhere in the United States. 

Poria ferox Long & Baxter, Pap. Mich. Acad. Sci., 

Arts, and Letters, 25 (1939 ): 149. 1940 
(Plates V1II-IX) 

Baxter, op . at. Sections pertaining to description, allied species, distribution, and 
decay are presented. 

Cultures. — Isolated from Juniperus virginiana from Mountain View, 
Arkansas, Young cultures of Pork ferox are snow white and cot¬ 
tony in texture. The best growth of the rapidly growing fungus, as 
shown by the average of six tests, takes place at approximately 
30° C. (19,4 mm. in 7 clays and 36,8 mm. in 14 days). The plant 
develops almost equally well, however, at 25° C. (15.0 mm. in 7 days 
and 36.2 mm, in 14 days). Growth at 35° C. is rapid compared to 
that of a large number of resupinate polypores (12.6 mm. in 7 days 
and 30.0 mm. in 14 days). 

This fungus, which attacks coniferous standing trees in nature, 
may be cultured on both coniferous and frondose woods. The my¬ 
celium, however, grows somewhat more profusely on red-gum than 
on white-pine test blocks. 

Fames Earlei (Murr.) Sacc. & D. Sacc., 

Sacc. SylL, 17:119. 1905 

Pyropolyporus Earlei Murr,, Bull. Torr, Bet, Club, 30:116. 1903. 

Fructification undulate, woody, attached by a broad base, approximately 
6 X 13 X 17 cm,, surface concentrically sulcate, very rimose, “olive 
brown” or “clove brown,” at length grayish black; margin broad, 
obtuse, brown “cinnamon buff” to “clay color,” tomentose; context 
woody, brick red, “cinnamon rufous” to “kaiser brown”; concen¬ 
trically banded with darker lines, only approximately 0.5 cm.; tubes 
unevenly stratified, 0.5-0,75 cm, long each season, mouths yellowish 
brown, “chamois” to “Sayal brown”; 1-2 to a mm.; circular; spores 
ellipsoid, smooth, thick-walled, ferruginous 7-8 X 9 g (Murr.). 

Distribution. —Arkansas, New Mexico. 

Habitat. — Juniperus monosperma , /. sabinoides f J. utahensis, J. vir¬ 
giniana. 

Occurrence .—Murrill (23) reports that in 1908 the fungus was known 
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only from the type locality. Since then so many collections have 
been made in the Southwest that it is regarded primarily as a south¬ 
western fungus. It is here reported on red cedar in the Arkansas 
National Forest areas near Mountain View. Fomes Earlei occurs 
on standing green timber only. 

Cultures .—Isolated from standing Juniperus virginiana, Mountain 
View, Arkansas. 

Fomes Earlei is characterized by its bright brown chamois skin¬ 
like mycelium, which is “primuline yellow/ 5 and commonly exhibits 
“claret brown 55 droplets on the surface. 

The fungus is the slowest-growing polypore in the Michigan col¬ 
lection of cultures. Mycelium does not develop on the agar in petri- 
dish cultures at 25°, 30°, or 35° C. in 7-day tests, and the extent 
of its radial development averages only 2 mm. at 25° and 30° C. in 
a 14-day period. No growth occurred at 35° C. 

This fungus, which attacks coniferous standing trees, may be cul¬ 
tured on both coniferous and frondose woods. The mycelium, how¬ 
ever, grows somewhat more profusely on white-pine than on red-gum 
blocks. 

Decay . — Fomes Earlei causes a “yellow rot/ 5 producing long tubelike 
holes in the heartwood. 

Remarks. —The description is based upon that presented by Murrill. 
Fomes Earlei is not a resupinate polypore, but because of its rela¬ 
tionship to other brown resupinate members of the Fomes and 
“Fomitipora 55 groups, it is included here. 

Fomitoporella melleopora Murr., North Am. Flora, 

Pt. I, p. 13. 1907 

Baxter, Dow V„ Pap. Mich. Acad. Sci., Arts, and Letters, 18 (1946): 191-212. 1948. 
Sections pertaining to description, allied species, habitat, distribution, and oc¬ 
currence are presented. 

Cultures .—Isolated from Populus tremuloides , Michigan National For¬ 
est, East Tawas, Michigan. 

Poria melleopora is characterized by its varying appearance in culture 
at different temperatures. In two-week-old cultures at 25° C. the 
mycelium, unlike that of the majority of brown resupinates, is some¬ 
what silky, white at the margins, and “aniline yellow 55 nearer the 
inoculum. In contrast, cultures kept at 30° C. are cottony in texture 
and uniformly “cartridge buff 55 to “cream buff 55 and more nearly 
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resemble other species of poly pores — Fames Evcrhartii, for example. 
The cultures grown at 25° 0. suggest those of Poly poms radiatm, 
except that agar does not turn dark in these two-week-old tests of 
Porta melhopora . The cottony texture is retained in cultures kept 
at 35° C., but the color is lighter and generally whitish instead of 
light brown, 

Poria melhopora grows more rapidly at 30° C. in 7- or 14-day-old 
cultures than at 25° C. or 35° C., but, unlike many of the resupinate 
forms, it exhibits a greater growth at 35° C. than at 25° C. at the 
end of either a 7- or a 14-day test. 

This fungus, which attacks hardwoods in nature, may be cultured 
on both frondose and coniferous woods. The mycelium, however, 
grows only slightly more profuse on red-gum blocks than on white- 
pine test pieces. 

University of M nano an 
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BAXTER PLATE I 



Porta quercuum sp. nov. on Quercus stellate, Branson, Missouri 




BAXTER 



Poria crust,dina xerophyta var. nov. on Torreya californica; vicinity of Muir Woods, California 





PLATE III 



Porta Cocos on cornstalk, F. A. Wolf; Herbarium Mycological Collections, U. S. Bureau Plant Industry, 

Beltsville. Maryland 









Polyporus bahameus (resupinate) on Abies balsamea, Gander Lake, Newfoundland 




Polyporits balsameus (resupinate) on Abies balsamea, Gander Lake, Newfoundland 



PLATE VI 



adustus (resupinate) on Jugians nigra, Jasper, Arkansas 
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PLATE VII 



Fig. 2. Polvporus bijormis (resupinate) on Quercus marilandica, 
Jasper, Arkansas 




PLATE VIII 



Poria ferox Long & Baxter on leaning trunk of live Jimiperus virginiana, Mountain View, Arkansas 
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Juniper-oak association, Mountain View, Arkansas, habitat for Porta 
ferox Long & Baxter on juniper slash and wounded live juniper 



FORESTRY IN SOIL CONSERVATION 


ALBERT F. DODGE 

W HEN a farmer applies to the local soil-conservation district for 
assistance he generally does so because he is confronted with some 
land-management situation with which he cannot cope or which he does 
not understand. Perhaps his legume hay yields are slowly decreasing on 
the good twenty despite assurances that legumes build up the soil. Pos¬ 
sibly he wishes to bring a piece of practically idle muck land into pro¬ 
duction, but he is not certain that the soil is worth the expense of drain¬ 
ing, He wants a windbreak for the farmstead and needs some guidance 
in the choice of species for the planting. 

These are immediate problems which bring the farmer to the district 
for assistance. Prior to this problem he has long recognized differences 
in the various fields on his farm. Some fields which once grew accept¬ 
able cash crops arc* now thin or rocky, and their use may have been 
changed to flu* growing of hay or to pasturing, Certainly the best land, 
or a portion of the best, will be in row crops. These uses have come 
about largely for convenience, without much regard for soil structure, 
depth of topsoil, and availability or losses of plant nutrients. 

If a farmer's application for assistance is approved by the governing 
body of the soil-conservation district, a conservationist from the Soil 
Conservation Service starts working with him. The farm boundaries 
are marked on an aerial photograph, ami this information is turned over 
to the soil scientist, another technical employee assisting the local dis¬ 
trict. This scientist takes the aerial photograph and records the kinds of 
soil, the degree of slope, and the extent of erosion for the entire farm. 
This survey is a complete physical inventory of the farm-land con¬ 
ditions. With the inventory as a base, the soils on the farm are classified 
according to the best uses to which they may be put with least loss through 
erosion. 

LAND CAPABILITY CLASSES 

On the basis of these factors lands are grouped into eight classes 
with respect to the degree of hazard in their use. These land classes 
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provide an orderly guide for a permanent agriculture. If farm land is 
worked more intensively than is indicated in the following description, 
deterioration is inevitable (1), 

Land Suitable jor Cultivation 

Class I. — Very good land that can safely be cultivated with ordi¬ 
nary good farming methods. It must be capable of producing moder¬ 
ately high yields of climatically adapted crops, and be free from stones 
which would impede cultivation. It is not subject to overflow or serious 
erosion. It must be well drained or capable of being drained to permit 
at least moderate yields. 

Class II. — Land differing from that in Class I in that cultivation 
requires the adoption of some simple practices if the soil is to remain 
permanently productive. Some of these practices are: contour tillage, 
strip cropping, cover crops, crop rotation which includes grasses and le¬ 
gumes, one or two simple terraces or drainage ways, and the correction 
of inherently low fertility by the application of fertilizers. 

Class III . — Moderately good land suitable for cultivation only 
when cultivation is supported by intensive conservation practices. Such 
practices include strip cropping, with narrow bands of annual crops alter¬ 
nating with strips of grasses and legumes; long crop rotation with clean- 
tilled crops held to a minimum; intensive terrace systems with outlets; 
diversion ditches to carry off excess water; and drainage systems that 
are difficult to install and maintain. 

All cropland in Classes I, II, and III may require replacement of 
nutrient elements that have been removed by crops or lost by leaching. 
The need for soil treatments increases progressively in these three 
classes in order to maintain organic matter and to return moderate to 
high yields. 

Land Suitable jor limited Cultivation 

Class IV. — Steep land areas severely eroded or susceptible to de¬ 
terioration and soil so imperfectly or excessively drained as to be un¬ 
suitable for row crops. This class is adapted to a grain crop every five 
or six years, which is to be followed by hay or pasture. 

Land Suitable jor Permanent Vegetation 

Class V. — Land not subject to soil losses under ordinary use; in 
general, it is flat and too wet, cold, or stony for any cultivation. It will 
produce forage or wood crops. 
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Class VI. - - Land that because of moderately steep slopes can be 
used permanently only for pasture or woods. On most farms this class 
will be pasture capable of being renovated, and under proper manage¬ 
ment will continue to supply forage for livestock. 

Class VII . — Land that includes steep slopes, broken topography, 
thin or rocky soils, and badly gullied areas; requires severe restriction in 
use. In the humid regions of the East this class of land should be 
utilized for the production of wood crops because its restricted use and 
limited carrying capacity as pasture do not ordinarily warrant the ex¬ 
pense of,establishing and maintaining stands of forage plants. 

Class VIIL — Primarily waste land and not suited for the production 
of any useful vegetation, but may have possibilities for wildlife and 
recreation. It often consists of rocky outcrops, barren land, or perma¬ 
nently wet marshes that cannot be drained. 

With the delineation of the various fields or portions of fields into 
capability classes, it is possible to make sound land-use recommenda¬ 
tions to the farmer. His crop and livestock needs can be adjusted ac¬ 
cordingly, and his soil capital maintained. When site conditions require 
the protection of a forest cover, tree planting or woodland-management 
recommendations are given. 

RETURNS FROM FARM WOODLAND 

If a cooperator has land in Class I, II, III, or IV that is in woods or 
land best suited to remain as woods (Classes V, VI, VII), it is only 
natural that he should inquire about the probable returns from farm 
woodland operations. Farm-management studies have long recorded 
costs and returns for many farm enterprises. In the Middle West, at 
least, the farm woodland, as a part of the farm accounts, has largely been 
ignored. Recently the farm planner’s fund of information on the re¬ 
turns from farm woodland work has been considerably enhanced. 

In a report of 89 farm woodland operations in Ohio, Indiana, Michi¬ 
gan, Minnesota, and Iowa, Locke (2) and several resident farm foresters 
summarized 339 record years of income and expense. These data cover 
the six-year period 1940-45, during which the Soil Conservation Service 
administered part of the Norris-Doxey Act, Individual account books 
were carefully checked for volume differences, so that the records in¬ 
cluded in the summary reflect only regulated timber harvest. Heavy 
cut was one of the reasons why the 89 acceptable records represented 
only 30 per cent of all the records taken. All acceptable records were 
assembled according to average annual net return per acre and divided 
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into three groups, those with high, medium, and low incomes. The 
averages of income and expense for each group are presented in Table I. 
These data may be considered typical of three kinds of farms that are 
engaged in woods work with varying success. 

It will be noted that wood products such as fuel, posts, poles, and 
lumber for the farm comprise a substantial part of the total value of 


TABLE I 

Average Annual Income and Expense oe Eighty-nine Farm Woodlands 


Income and expense 


1. Income, home use. 

2. Income, sales. 

3. Income, stumpage. 

4. Total gross income. 

5. Expenses, noncash. 

6. Expenses, cash. 

7. Taxes. . 

8. Interest on investment (3%) . .. 

9. Total expenses. 

10. Net income. 

11. Net income per acre. 

12. Interest on investment. 

13. Returns per hour of labor. 


High income 

Medium income 

Low income 

from 

from 

from 

25 woods 

39 woods 

25 woods 

(average) 

(average) 

(average) 

$156.14 

$142.34 

$107.63 

434.42 

16.06 

14.62 

103.46 

24.66 

2.60 

694.02 

183.96 

124.85 

151.00 

57.22 

62.28 

60.15 

24.00 

19.90 

14,21 

8.13 

10.01 

111.54 

37.08 

46.27 

336.90 

126.43 

138.46 

357.12 

57.53 

-13.61 

8.50 

1.92 

— 0.23 

12.6% 

7.6% 

2,1% 

1.33 

0.67 

0.26 


products cut annually. Stumpage sales were handled as a separate item 
under income. The figure for them is deducted from income in com¬ 
puting return per hour of labor (line 13), since the cooperator’s labor is 
not involved. 

The returns for the use of the woodland are shown as net income 
per acre, interest on investment, and as returns per hour of labor. This 
last item is particularly valuable to the farm planner in encouraging the 
farmer cooperator to put his time into the woodland. Most farmers 
have worked for hourly wages, and income expressed in such terms has 
real meaning. 

Poor tools, inadequate equipment, lack of experience and skill, and 
the fact that many of the farmers were starting woods work for the first 
time — all tended to make the net return low, Indeed, returns were 
negative for a number of farms. In some cases the farm forester ac¬ 
tually advocated work without positive return value. The planting of 















Forestry in Soil Conservation 35 

pine in openings and certain thinnings are examples of nonremunerative 
work suggested to improve woodland conditions. 

The analysis of the individual records revealed the fact that an oper¬ 
ator’s managerial ability to utilize fully his labor in getting out woods 
products is more important than site quality as an income factor. If he 
ignores the woodland work, he loses the income regardless of site con¬ 
ditions. 

The records of income from these eighty-nine farm woodlands indi¬ 
cate that time spent in the woods influences income. Farmers with high 
incomes from such operations put in more hours in their woods than 
those with lower incomes (see Table II). In other words, more work in 
the woods means higher income. 


TABLE II 

Timk Spent in the Woodland by Income Groups 


Income group 

No. of acres 
in woodland 
(average) 

No. of hours 
spent in woods 
(average) 

Hours 
per acre 
(average) 

High. 

42 

287 

6.8 

Medium .... 

30 

125 

4.1 

Low... 

58 

153 

2.6 


TABLE III 

Size or Woodland and Net Income per Acre 


Numbor of 
acres 


4-20 .. 
21-40 , 
41-185 


Numbor of 
farms 

Net income 
per acre 
(average) 

33 

$4.07 

31 

3.70 

24 

3.21 


If a farmer attempts to operate more woods area than he can effi¬ 
ciently handle with his available labor, he either sells stumpage or allows 
the growth to accumulate. In either case the woods income suffers. 
Table III suggests that the size of the farm woodland is apparently cor¬ 
related with income. 

From the foregoing discussion it is evident that for the first time 
farm planners assisting soil-conservation districts have available income 
and expense data for the operation of farm woodland on a sound, regu- 
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lated basis. With this information they are encouraging Michigan 
farmers having woodlands to put their off-season labor into the harvest¬ 
ing of woods products. If the cooperator has trees of various sizes in 
his woodland and if he will regularly and wisely devote his time to har¬ 
vesting and improving the woodland, he can be assured of an income 
which will be as good as or better than that from most other farm opera¬ 
tions. 


REFORESTATION 

Tree planting by soil-conservation district cooperators is largely 
confined to evergreens—pines and some spruce. In most instances the 
actual work is done by the cooperators themselves. They follow the 
planting suggestions of the farm planner of the Soil Conservation Serv¬ 
ice. Stock for such plantings is obtained from the Michigan Conserva¬ 
tion Department, from the Michigan State College Forestry Department 
Nursery, or from the local soil-conservation district. 

Trees have been planted on 22,421 acres of eroded fields and gullies, 
land in Class VII. This has been done since 1938, when Michigan’s first 
soil-conservation district, the West Ottawa Soil Conservation District, 
was organized. In 1946 some 3,576 acres were planted, but 31,930 acres 
of Class VII land on farms still remain to be planted. 

Along or near the Lake Michigan shore tree planting has been recom¬ 
mended for 6,317 acres of dune or beach sand. Already 2,554 acres of 
this have been set to trees, 215 of which were planted in 1946. Some¬ 
times it is necessary to stabilize the planting site with brush or beach 
grass prior to planting the pines. This serious erosion condition has 
been successfully controlled by individual cooperators working with 
the soil-conservation district. 

To date cooperators and planning technicians have agreed on the 
use of 1,268 acres for windbreaks, of which 954 acres have already been 
set out. 

Farmer cooperators in Michigan, operating more than 495,000 acres, 
have planted 25,929 acres to trees, Preliminary estimates of Michigan 
farm land best suited for tree planting, as taken from conservation 
survey data, are placed at 654,000 acres. 

An interesting development in connection with this farm tree plant¬ 
ing is the nursery operated by the soil-conservation district. The direc¬ 
tors of three soil-conservation districts serving parts of Muskegon and 
Ottawa counties have been raising several kinds of pines from seed. 
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These seedlings are planted out in nursery rows for one or two seasons. 
Modified celery planters make this possible with a minimum of labor. 
Fully developed transplant stock is thus available within the district for 
any cooperator at a moderate cost without the hazards of common car¬ 
rier shipment* 

Seven other soil-conservation districts are operating lining-out nurs¬ 
eries at the present time. The advantages of this procedure are being 
considered by seven additional soil-conservation districts. During the 
1945-46 planting season the ten active nurseries provided 1,273,000 
transplanted conifers, which were largely pines. This was more than 
one third of the 3,398,000 trees planted by district cooperators. The 
rest of the stock came from state and federal nurseries. 

The success of these plantings in Michigan may be attributed to the 
following factors: 

1 . Several soil-conservation districts actively encourage cooperator 
tree planting by growing transplant stock locally. 

2. Nearly all Michigan soil-conservation districts obtain grants of 
stock from the Soil Conservation Service to encourage tree planting. 

3. The cooperator obtains on the ground help from the resident plan¬ 
ning technician of the soil-conservation service in choosing the proper 
trees for the planting site and in methods of caring for and planting the 
stock. 

The plantings made by cooperating fanners in Michigan have gener¬ 
ally been quite successful. For the country as a whole, according to 
Preston*(3), soil-conservation district cooperators have enjoyed an aver¬ 
age tree survival of better than 85 per cent. 

U. S. Department of Agriculture 

Sort Conservation Service 

Allegan, Michigan 
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SOME RESULTS OF SELECTION CUTTING 
IN THE EBER WHITE WOODS, 

ANN ARBOR, MICHIGAN 

LEIGH J. YOUNG 
University of Michigan 

HAROLD F. SCHOLZ 
Lake States Forest Experiment Station 

I N 1915, when the University of Michigan came into possession of the 
Eber White Woods near Ann Arbor, they represented a remnant of 
southern Michigan hardwood forest, modified to some extent by cutting, 
which had removed a number of the larger and, probably, more valuable 
trees. The condition of the stand at that time indicated that the area 
had not been grazed for at least a considerable period. Possibly it had 
never been grazed. There was also no evidence of damage from fire. 

Except for three small wet depressions and a little Washtenaw loam 
in the northwest corner, the soil is Miami silt loam. As this is a better 
soil than that of the average woodlot in this locality, the stand has a 
more complex composition. Among the trees of merchantable size oaks 
and hickories predominated. White ash, basswood, sugar maple, and 
elms were less abundant, but were well represented throughout the stand. 
Other species occurred in much smaller numbers and included black 
walnut, butternut, black and blue ash, black cherry, yellow poplar, aspen, 
sassafras, Kentucky coffee tree, cottonwood, red maple, and juneberry. 
A complete list of the common and scientific names of the species is given 
at the end of this paper. 

At the time of acquisition there was an understory of small trees, 
consisting almost entirely of ironwood, with a sprinkling of blue beech, 
dogwood, and hawthorn. In the southern half of the woods this under¬ 
story was so dense throughout that it had almost entirely prevented the 
reproduction of other species. But in the northern portion it was more 
open and irregularly distributed. 
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The stand was decidedly uneven-aged, but without an equal distribu¬ 
tion of age classes. The large-pole class was particularly deficient in 
relation to the others. All diameter classes were present up to a maxi¬ 
mum of 44 inches. The best dominants reached a height of 90 feet. 

FORM AND CONDITION OF TREES 

The number of trees with pronounced crook was larger than desir¬ 
able. In fact, they were so numerous that they almost obscured the 
presence of the many straight, well-formed individuals. 

In general, the trees of saw-timber size were poorly cleaned, and 
this was particularly true of the trees above 30 inches in diameter. The 
crowns of these oldest trees were very wide, with heavy branches. A 
clear length of more than two 16-foot logs was exceptional. Many of 
the largest individuals were overmature and had become stag-headed. 

Heart rots had caused defect to an average amount of about 20 per 
cent, though in some of the veterans, ranging in age from 200 to 300 
years, the heartwood was practically all decayed, 

CUTTING POLICY 

As the original plan was to operate on a ten-year cutting cycle, the 
area was divided into ten compartments of 4.3 acres each. The com¬ 
partments were to be cut successively at the rate of one each year. How¬ 
ever, after compartments 1 to 5 inclusive had been cut, it appeared de¬ 
sirable to cut again in these compartments to secure a more rapid reduc¬ 
tion in the amount of ironwood and a quicker release of reproduction of 
the more valuable species. Defective trees in need of salvaging were 
cut at the same time. Compartment 6 received its first cut that same 
year. Since that time cutting has been done in two compartments each 
year, with the heavier cuts made at ten-year intervals. Present condi¬ 
tions are such that the lighter cuts at the intermediate five-year intervals 
can be abandoned. 

The earlier cuts were made on a single-tree selection basis, with the 
major emphasis on stand improvement in all age classes and with no 
attempt to secure a strict regulation of volume removed. After each 
.compartment has been marked for cutting, the diameters of all trees 
have been measured, with separate tallies of the trees cut and those to 
be left. The minimum diameter measured has been a full inch. This 
procedure has provided a check on the relation between the growth in 
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basal area and the amount cut at the five-year intervals, and has also 
made it possible to learn at what rate reproduction was working up into 
the larger size classes. 

Later, whenever the distribution of the larger trees has been favor¬ 
able, cutting of groups has been practiced to reduce logging damage to 
young growth and to provide better conditions for the reproduction of 
the less tolerant, light-seeded species. 

There has been one deliberate violation of good silviculture in that 
a considerable number of the very large, overmature oaks have been 
retained until there was very definite evidence that they were decadent. 
On compartment 3, however, all trees of this class have been cut. 

Trees of weed species have not been cut unless they were large 
enough to produce salable wood or were interfering with the develop¬ 
ment of individuals of better species. A complete removal of the weed 
species would be expensive and would frequently result in too much 
reduction in the crown density needed to maintain good forest condi¬ 
tions. Small trees of weed species growing under the crowns of large 
trees are left undisturbed until the large trees have been cut. 

One objective of the cutting policy has been to increase the volume 
of the growing stock as much as possible and to improve its quality both 
in composition and in the character of individual trees. Another has 
been to maintain conditions favorable to adequate reproduction. After 
the major part of the necessary improvement work has been completed, 
attention must be given to securing a better distribution of age classes. 
The conversion of a stand, such as this one was in 1917, into a well- 
stocked, high-quality, well-regulated woods by the use of the selection 
method is a discouragingly slow process. 

Because of a good local demand for firewood, utilization has been 
very close, and slash disposal has not been a problem. 

REPRODUCTION 

With respect to the number of trees, reproduction has been more 
than adequate, but there has been a wide variation in the degree to 
which the various species are represented. A systematic study, with the 
use of milacre quadrats, was made in 1934. 1 This showed that 67 per 
cent of the trees less than 10 feet in height consisted of white ash, sugar 
maple, basswood, and black cherry. Ironwood and dogwood amounted 

1 Feeman, Abram L., “Study of Reproduction in the Eber White Woods,” 
1934. Unpublished manuscript. 
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to nearly 2S per cent. White ash led all the species in the number of 
trees and extent of distribution, with sugar maple second and black 
cherry and basswood practically tied for third place. There is no evi¬ 
dence of any material change since that time. On some areas reproduc¬ 
tion of these species has entirely replaced the former understory of iron- 
wood. 

Although the oaks and hickories predominate among the older trees 
of the stand, reproduction of these species is almost negligible in amount. 
Several factors are responsible for this condition, but it is not known to 
what extent each one has operated. Close proximity to the city of Ann 
Arbor results in a heavy collection of the edible hickories and walnuts. 
Squirrels undoubtedly cause a further loss of seed of all the heavy- 
seeded species. Even if some of these seeds are left to germinate, the 
rather high density of most of the stand causes their early suppression. 
In some places white oak and hickories have reached sapling size, only 
to be driven out by the more rapidly growing ash, basswood, and cherry. 

On a few small areas dense thickets of witch hazel and gray dogwood 
have caused a failure of reproduction. 

At the time that management of the woods was started reproduction 
was lacking along the west and south boundaries on strips about a hun¬ 
dred feet in width. Most of the leaf litter was blown from these strips, 
and a rather heavy cover of grass had developed. An effort was made to 
establish a windbreak along these two boundaries by planting white and 
Scotch pines, but before these had grown enough to have any appreciable 
effect ironwood had started to invade the open areas. As it increased 
in density, the grass was shaded out, and other species were able to get 
started. At present these formerly open strips are almost completely 
restocked, though ironwood still predominates strongly. 

EFFECTS OF CUTTING UPON STOCKING 

In the following tables, which show the various effects of manage¬ 
ment, the data for compartments 1-5 and those for 6-10 are given 
separately, because the former group of compartments sustained a total 
of 27 cutting operations and the latter only 21, 

The data in Table I show the effect of management upon the number 
of trees per acre by species in two classes — total number of all di¬ 
ameters and number of sawlog trees only. The figures given in the 
“1917” column do not represent the condition in all compartments in 
that year, but are averages of the number of trees present in the com- 



43 


Selection Cutting in the Eber White Woods 

partments of each group at the time of the first cut. In the same way 
the “1942” figures represent the situation at the time of the last cut. 

In the entire woods there was an increase of 27.9 per cent in the 
total number of trees of the species listed as commercial, but a decrease 
of 1.4 per cent in the number of trees in the sawlog class. The total 
number of ironwood has decreased 38.S per cent, but there are still 160 
to the acre, compared to a total of 381 trees of the commercial species. 
This is not so bad as it looks, since most of the ironwood are small, have 
low vigor, and exert little influence on the remainder of the stand. The 
largest increases have been in ash, sugar maple, and black cherry, 
whereas red oak, elm, and hickory have decreased in number. 

The extent to which figures alone fail to bring out the whole story in 
a case like this can be illustrated by those for basswood. In compart¬ 
ments 1-5 basswood has decreased by 8.7 per cent, but in compartments 
6-10 it has increased by 11.4 per cent. One reason for this is that re¬ 
production of basswood started earlier in the first group of compart¬ 
ments and has reached such a size and density that thinning has been 
necessary. In the second group of compartments little thinning of bass¬ 
wood reproduction has been done. Many of the old basswood that 
were sources of seed in the earlier years have been removed because of 
decadence, so that new reproduction of this species will be lacking in 
some portions of the area until the young trees now developing have 
reached the age of good seed production. 

The figures in Table I also indicate the changes in composition In 
the stand. Taking the total number of trees of the commercial species 
only, we find that the percentage representation of each one at the be¬ 
ginning of operations was as follows; red oak, 12.5; white oak 5.2; 
ash, 11.2; basswood, 26.8; sugar maple, 5.4; elm, 18.4; black cherry, 
4.4; black walnut, 1.2; and hickory, 14.7. In 1942 the percentages had 
become: red oak, 9.5; white oak, 4.3; ash, 23.0; basswood, 23.3; sugar 
maple, 10.0; elm, 10.5; black cherry, 8.2; black walnut, 1.3; and 
hickory 9,6. Of the trees of sawlog size in 1942 red oak made up 49,5 
per cent, hickory, 20.6 per cent; white oak, 12.4 per cent; sugar maple, 
5.3 per cent, a total of 87.8 per cent for these four species. But these 
same species composed only 33.4 per cent of the total number of trees 
of all sizes. 

EFFECTS OF CUTTING UPON BASAL AREA AND VOLUME 

By inspection of the data in Table III it will be found that cutting 
has caused a decrease in the basal area and gross volume of all size 
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classes, except the standards, and of the stand as a whole. Of the 
total decrease in basal area of the four size classes affected in that way 
the decrease in the veteran class constituted 61.2 per cent. If all the 
veterans had been removed at the first cut, the reduction in the total 
basal area might have been still greater, though part of it would have 
been offset by the more rapid growth of younger trees that could have 
occupied the areas covered by the veterans. 

After the last cut the percentage distribution of the total cubic 
volume among the different size classes was: reproduction, 8.4; small 
poles, 7.0; large poles, 13.3; standards, 54.3; and veterans, 17.0. 

DISTRIBUTION OF VOLUME BY SPECIES 

Table IV shows the extent to which the oaks and hickories pre¬ 
dominate in the total volume of the stand in both cubic and board feet. 
In total cubic volume of commercial species these species compose 75.2 
per cent. This predominance of oaks and hickories occurs in all size 
classes, except reproduction and small poles. In reproduction, ash and 
basswood lead with percentages of 27.7 and 27.4, respectively. Bass¬ 
wood, hickory, elm, and ash are the chief species in the small-pole class, 
with percentages of 27.6, 17.3, 17.1, and 14.0, respectively. Ironwood 
is now only 3.5 per cent of the total cubic volume of the stand but still 
makes up 31.1 per cent of the volume in the reproduction class. 

CHARACTER OF CUTTING 

Some idea of the character of the cutting, especially the extent of 
work done in the smaller size classes, can be obtained from Table II. 

Of the total number of trees cut, 83.5 per cent were in the repro¬ 
duction class and 11.9 per cent were small poles. In cubic volume the 
cut in these two classes amounted to 23,2 per cent of the total. The 
largest part of the cut came from the veterans — 40.5 per cent. Stand¬ 
ards ranked second with 28.2 per cent. 

The distribution of the cut by species and size classes an the basis 
of number of trees removed is shown in Tables V and VI. This analysis 
brings out a number of important points. 

Most of the red oaks cut were standards, whereas the heaviest 
cutting of all the other species, except black walnut and white oak, was 
in reproduction. In the case of ironwood over 90 per cent of the trees 
cut was in this class. More white oaks were cut in the small-pole class 
than in any other one. 
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Nearly 70 per cent of the trees cut in the reproduction class was iron- 
wood. This species also led in small poles cut with 47 per cent. Hickory 
was second with 22.6 per cent. Hickory (36 per cent) and red oak 
(22.8 per cent) contributed the bulk of the cut in large poles. Of 
standards cut, red oak, hickory, and sugar maple made up over 70 
per cent, but in the veterans class, white oak, basswood, and red oak, 
in that order, led in number of trees cut with a total of 82.6 per cent. 

GROWTH IN BASAL AREA AND VOLUME 

The growth figures as given in Table VII are not exactly encourag¬ 
ing, but in a stand cut and measured as this one has been, they do not 
represent the true results. They are included in this paper, however, 
to indicate how much in error this rather usual method of calculation 
can be in a case such as this one. 

If the mean annual growth in basal area is computed for each com¬ 
partment separately and for the period actually covered by the measure¬ 
ments, it is found that the best growth occurred in compartment 1, with 
a mean of 2.234 square feet, and the poorest in compartment 9, where 
the mean was 1.505. The mean ior the entire woods was 1.799. 

As a result of differences in the degree of cutting, the kinds of trees 
removed, weather conditions, and possibly other factors, there has been 
a marked fluctuation in growth in each compartment during each of the 
five-year periods. For example, basal area growth in compartment 2 
varied as follows: 1924-28, 9.68 square feet; 1929-33, 11.175 square 
feet; 1934-38, 3.538 square feet. The basal areas cut from this com¬ 
partment before each growth period were 5.25, 4.31, and 6.85 square 
feet respectively. In contrast, the similar figures for compartment 3 
were: 1925-29, 9.13; 1930-34, 8.26; 1935-39, 9.01. In percentage 
basal area growth for a single five-year period has varied from 1.8 to 3.9. 
The best growth for a single five-year perior was 17.81 square feet. 

It is possible that the growth rate might have been improved by a 
more rapid removal of the mature and overmature trees and their re¬ 
placement with young and vigorous ones. This was tried in compart¬ 
ment 3, where all the old and overmature trees were cut in 1929, except 
seven that ranged in diameter from 23 to 29 inches. Some of these 
trees were left because they were needed as a source of seed. Because 
of the time required for reproduction to become established in the open¬ 
ings made by cutting large trees and to develop to the point of con¬ 
tributing to the volume of the stand, it is still too early to get an 
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answer from this experiment. Further, owing to war conditions there 
has been no measurement of this compartment since 1939. 

The woods has served as a study and experimental area in which 
students have been able to practice marking, observe the results of 
cutting operations, and gain some experience in the use of the axe and 
saw. Because all cutting has been done by student labor and carried 
out primarily as an educational project, the financial results have little 
value as a demonstration of what might be done with such a woods 
commercially. 


SUMMARY OF RESULTS 

Reproduction of the more valuable species has been sufficient to 
maintain good stocking and has consisted predominantly of a few light- 
seeded species. 

The percentage of inferior species and of poorly formed, decadent 
trees has been considerably reduced. 

The total gross volume of the growing stock has been temporarily 
decreased as a result of heavier cutting of the older trees in recent years. 

A proper distribution of age classes has not been accomplished. 

The mean annual increment has been low, owing partly to the pres¬ 
ence of too many overmature trees and partly to the fact that many of 
the younger trees have not yet reached the age of rapid growth. 


LIST OF SPECIES 


COMMON NAME 
Ash, black 
Ash, blue 
Ash, white 
Aspen, trembling 
Basswood 
Beech, blue 
Cherry, black 
Coffee tree, Kentucky 
Cottonwood 
Dogwood, flowering 
Elm, red 
Elm, white 
Fir, Douglas 
Hawthorn 
Hickory, bitternut 
Hickory, mockernut 
Hickory, pignut 


SCIENTIFIC NAME 
Fraxinus nigra 
Fraxinus quadrangutata 
Fraxinus americana 
Populus tremuloideH 
Tilia americana 
Carpinus caroliniana 
Prunus serotina 
Gymnocladus dioicus 
Populus deltoidcs 
Cornus florida 
Ulmus fulva 
Ulmus americana 
Pseudotsuga taxifolia 
Crataegus sp. 

Carya cordiformis 
Carya ovata 
Carya glabra 
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COMMON NAME 
Ironwood 
Juneberry 
Maple, red 
Maple, sugar 
Oak, black 
Oak, bur 
Oak, chinquapin 
Oak, northern red 
Oak, swamp white 
Oak, white 
Pine, Scotch 
Pine, white 
Poplar, yellow 
Sassafras 
Walnut, black 


SCIENTIFIC NAME 
Ostrya virginiana 
Amelanchier canadensis 
Acer rubrum 
Acer saccharum 
Quercus velutina 
Quercus macrocarpa 
Quercus Miihlenbergii 
Quercus borealis var. maxima 
Quercus bicolor 
Quercus alba 
Pinus sylvestris 
Pinus strobus 
Liriodendron tulipifera 
Sassafras albidum 
Juglans nigra 



TABLE I 

Effect of Management upon tiie Total Stems per Acre 




All tree's 


I^JIWIOR tlVCS 10 

,r \m\ 

Species 

1017 

L942 

In- | 
crease 

Do- 

erease 

1037 

1042 

In¬ 

crease 

* 

No. _ 

. N?.J 

„ J Vt ; 

Ret. 


No. 

“>etr 


( V)MPA ItTMENTH 1 5 


Commercial 

Red oak*. 

35.0 

30.4 


15.3 

20.7 

10.1 


White oakf ... . 

36.9 

18.0 

11.8 


4.8 

5.1 

12.5 

Ashf. 

43.4 

09.1 

128.3 


1.0 

1.8 


Basswood. 

02.3 

84.3 


8.7 

1.7 

1.0 


Sugar maple.. . 

20.1 

57.7 

187.1 

45.8 

2.5 

1.7 


Elm§. 

73.4 

39.8 


1.1 

U> 


Black cherry . . . 

5.2 

10.1 

04.2 


0.3 

0.2 


Black walnut.... 

2.0 

3.2 

23.1 


1.1 

1.5 

30.4 

Hickory. 

50.7 

39.0 


21.0 

5.2 

7.5 


Total. 

340.5 

383 . r 

J 2.5 


30.3 

30.2 


Miscellaneous 

Other||. 

20.0 

20.0 


23.1 

0.2 

0.3 

50.0 

Ironwood. 

433.0 

105.1 


55.0 

0,1 

0.0 


Total. 

m 

215.1 


53.2 

0.3 

0.3 
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Commercial 








Red oak*. 

39.0 

42.8 

9.7 


22.9 

21.7 


White oakf . . 

14.3 

13.9 


2.8 

3.7 

1.7 

27.0 

AsM[.- 

23.2 

70.5 

229.7 


1.0 

1.1 


Basswood. 

07.3 

93.5 

38.9 


1.2 

1.0 


Sugar maple., .. 

12.0 

18.(5 

55.0 


3.0 

2.7 


Elm§. 

30.6 

40.3 

10.1 


l.l 

1.3 

18.2 

Black cherry .... 

21.4 

53.1 

148.1 


0.3 

0.2 


Black walnut.... 

4.4 

7,0 

59.1 


0.8 

O.S 


Hickory.. 

37.2 

33.8 


9.1 

9.4 

9.0 

2.1 

Total. 

255.4 

379.5 

4 . 8 ,(i 


44.0 

43.1 


Miscellaneous 








Other**. 

35.0 

24.0 


30.9 

0.7 

0.0 


Iromvood. 

87.5 

125,0 

43.5 


0.0 

0.0 


Total. 

123 J 

150.2 

22,0 


0,7 

0.0 
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Commercial 








Red oak*. 

37,4 

30.0 


2.1 

21.8 

10.4 


White oakf. 

15.0 

10.4 

5.1 


4.3 

5.1 

18.0 

Ash.. 

33.3 

87.8 

163.7 


1.7 

’ 1.1 


Basswood. 

79.8 

88.9 

11.4 


1.4 

1.0 


Sugar maple..... 

10.1 

38,1 

130.0 


3.0 

2.2 


* Elm§. 

55.0 

40,0 


27,3 

1,1 

1,2 

it i 

Black cherry .... 

13,3 

31,0 

1374 ) 


0.3 

0.2 

, 

Black walnut.... 

3.5 

5.1 

45,7 


0,9 1 

1.2 

33 3 

Hickory. 

44.0 

30.7 


10.(1 

7.3 

8.5 

10,4 

Total. 

298.0 

381.2 

27.9 


* JUL 

^ 4 L 2 


Miscellaneous 






i 


Otherf f. 

30.8 

22.3 


27.0 

0.5 

0,4 


Ironwood. 

200.5 

160.3 


38.5 

0.1 

0.0 


Total. 

291.3 

182.6 

__ 

37.3 

_ o.il 

.... M ‘ 
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TABLE II 

Number, Basal Area, and Volume op Trees Cut per Acre during the 
Period 1917-42 


Size Class 

Total trees 

Total basal area 

Total gross volume 

Number 

Square feet 

Cu. ft. | 

| Bd. ft.* 

Compartments 1-5 

Reproduction. 

418.3 

8.150 

170.8 


Small poles. 

54.7 

7.035 

127.4 


Large poles. 

7.5 

3.333 

74.5 

86 

Standards. 

6.5 


294.4 

989 

Veterans. 

2.9 

13.779 

483.3 | 

1954 

Total. 

489.9 

41,361 

1150.4 



Compartments 6-10 


Reproduction. 

168.8 

2.851 

59.7 


Small poles.. 

29.7 

4.297 

76.5 


Large poles. 

7.4 

3.438 

77.2 

121 

Standards. 

5.6 

7.721 

233.9 

859 

Veterans. 

1.7 

7.892 

275.7 

1125 


213.2 

26.199 

723.0 



Compartments 1-10 


Reproduction. 

293.5 

5.498 

115.2 


Small poles... 

42.1 

5.666 

102.0 


Large poles. 

7.5 

3.386 

75.9 

104 

Standards... 

6.0 

8.394 

264.0 

918 

Veterans. 

2.3 

10.838 

379.4 

1540 

Total. 

351.4 

33.782 

936.5 

2562 


* Scribner Log Rule. 
NOTES TO TABLE I 


* Includes black oak. 

f Includes swamp white, bur, and chinquapin oaks. 

| Mostly white ash (on 21.5 acres 4 out of a total of 2,130 stems were black 
ash). 

§ Includes both American and red elms. 

|| Principally dogwood (56 per cent), blue beech (23 per cent), and soft maple 
(16 per cent). The remainder (5 per cent) is Amelanchier, aspen, cottonwood, Ken¬ 
tucky coffee tree, and sassafras. 

fl Predominantly white ash (on 21.5 acres 1,644 ash were tallied. Of this total 
1,410 were white ash, 190 blue ash, and 44 black ash). 

** Principally dogwood (38 per cent), blue beech (42 per cent), and soft 
maple (17 per cent). The remainder (3 per cent) is butternut and tulip poplar. 

ft Mostly dogwood (46 per cent), blue beech (33 per cent), and soft maple 
(17 per cent). The balance (4 per cent) is butternut, Kentucky coffee tree, aspen, 
, Amelanchier, sassafras, cottonwood, and tulip poplar. 



































TABLE III 

Total Basal Area and Gross Volume per Acre prior to the First Cutting and after the Final Cutting 
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Reproduction* 1-3 inches in diameter; small poles, 4-7 inches; large poles. S-ll inches; standards. 12-22 inches veteran n , 23 
% and larger. 

Silvicultural cutting were initiated in compartments 1-5 in 1917 and in compartments €>-10 in 1922. 

The final cuttings in compartments 1-5 and 6-10 were made in the winter of 1942-43. 

By the Scribner Log Rule. 






















TABLE IV 

Gross Cubic-Foot and Board-Foot Volumes per Acre by Species and 
D.B.H. Classes at the End of 1942 



D.B.H. class in inches 


1-3 r 

4-7 | 

8-11 | 

12-22 |23 or morel 

Total 

Species 

Gross Volume* 


Cu. 

Cu. 

Cu 

Bd 

Cu. Bd Cu. 

Bd. 

Cu. Bd. 


ft. 

ft. 

ft. 

ft. 

ft. ft. ft. 

ft. 

ft. ft. 

Compartments 1-5 

Commercial 








Red oak .. . 

4.0 

2.6 

49.5 

110 

651 7 2321 95.6 

406 

803.4 2837 

White Oak . 

3.7 

10 8 

36.4 

50 

128.1 438 112 6 

446 

291.6 934 

Ash 

34.0 

22.9 

13.9 

21 

42.6 148 10 2 

43 

123.6 212 

Basswood.... 

27.4 

38.4 

21.3 

16 

13.6 43 16.9 

70 

117.6 129 

Sugar maple 

18 0 

7.9 

10.5 

17 

416 141 17.0 

70 

95.0 228 

Elm. 

13.3 

24.1 

16.4 

25 

16.3 58 0.0 

0 

70.1 83 

Black cherry . . 

2.3 

2.3 

0.6 

2 

7.2 27 0.0 

0 

12.4 29 

Black walnut... 

0.4 

1.6 

4.9 

11 

53.2 196 12.5 

50 

72.6 257 

Hickory . . 

80 

25.9 

100 7 

164 

124.4 430 0.0 

0 

259.0 594 

Total. 

m.i 

136.5| 254.2| 

416 

1078.7|3802| 264.8|1085| 

1845.3 5303 

Miscellajieous 








Other . 

4.1 

6.5 

5.3 

5 

5.5 20 0.0 

0 

21.4 25 

I ron wood .... 

73.3 

21.2 

0.0 

0 

0.0 0 0.0 

0 

94.5 0 

Total. 

77.4 

27.7 

5.3 

5 

5.5 20 0 0 

0 

115.9 25 

Grand total . 

188.5 

164 2 

259.5 

421 

1084 2|3822| 264 8|1085| 

1961.2 5328 


Compartments 6-10 



* Cubic foot volume is the total volume in all trees from-1 inch to 36 inches; 
board-foot volume is merchantable volume by the Scribner Log Rule. 
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TABLE V ( concluded ) 
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Red oak* ......-.... 

White oak.........- 

Ashf..* • • 

Basswood.............. 

Sugar maple... 
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Black cherry.......- 
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Total... 

Miscellaneous 

Other§... 

Ironwood.. 

Total. 

Grand total.. 1 
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TABLE VI 

Number and Percentage of Trees, by Species and DJB.H. Classes, Removed per Acre during the Period 1917-42 
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* Includes black oak. t Predominantly white ash. J Includes both American and red elms. 
§ Includes blue beech, soft maple, butternut, hawthorn, dogwood, and sassafras. 
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TABLE Vll 

Gross Mean Annual Increment per Acre for the Period 1917-42 


Item 

Total basal area 

Total gross volume 

Square feet 

On. fi, | ltd. fi.» 

Compartments 1-5 


1, ^+,fl.T>rl at ATid of 1942. 

73.054 

41,301 

1,901,2 

1,150,4 

| 5,328 

1 3,020 

| 8,357 

5,032 

2. Material removed, 1917-42. 

3. Total. 

115.015 

83.8-18 

3,111.0 

2,228.0 

4. Stand in 1917 before cutting. 

5. Difference. 

32.107 j 

TSSufi 

1 ~ 2,425 ~ 

f “ ' 07 ' 

6. Mean annual increment for 25 years. . 

1.287 | 

35.3 j 


Compartments 6-10 


1. Stand at end of 1942.. 

2. Material, removed, 1917-42. 

3. Total. .... 

75.257 
20.100 
io usr'“ 

78.077 

2,004.2 
723.0 
2,787.2 ' 
2,108.5 

5.083 

2,105 

""*8,088 

0,301 

4. Stand in 1917 before cutting. 

5. Difference. 

23.370 

018.7 

1,007 

“08 

6. Mean annual increment for 25 years. . 

0.035 

24.il 

Compartment,s 1-10 


1. Stand at end of 1942. 

2. Material removed, 1917-42. 

74.455 

33.782 

2,012,7 

030.5 

5,055 

2.502 

"8.217 

0,102 

3. Total... 

108.237 

80.403 

"“"“g 04022 
*2,108.2 

4. Stand in 1917 before cutting. 

5. Difference. 

27.774 

751.0 

30,6* 

2,055 

6. Mean annual increment for 25 years. . 

1.111 

82' 


* Scribner Log Rule. 
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